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I. On the Development of Dynamic Electricity by the Immersion 
of unequally Heated Metals in Liquids. By G. Gore, Esq.* 


1. Lt has long been known that electric currents are produced 

when two perfectly similar pieces of metal are connected 
with a galvanometer and their free ends simultaneously immersed 
in two parts of a conducting liquid of different temperatures, or 
when they are immersed in a conducting liquid of uniform tem- 
perature, and one of the pieces maintained at a different tempe- 
rature from the other; and the currents so produced have been 
ascribed sometimes to chemical causes, and sometimes to the 
ordinary thermo-electric properties of the metals. 

2. In order to ascertain more clearly the conditions under 
which those currents are developed, I have been induced to make 
some experiments upon the subject. The earliest questions 
which occurred to my mind were,—1st, Are the currents in such 
eases due, or partly due, to any thermo-electric properties of the 
liquids similar to those of single metals? 2ndly, Are they due, or 
partly due, to the usual thermo-electric property of the metals 
employed? or 3rdly, Are they due, or partly due, to chemical 
action developed at the surfaces of mutual contact of the metal 
and liquid by the application of heat ? 


On Tuermo-ELectric Acrion oF THE LIQUID AS A CAUSE OF THE 
CurRRENTS. 


3. We know that if two pieces of copper, or any other kind 
of metal, are taken and connected with a galvanometer, and the 
free extremity of one of the pieces is heated and then suddenly 
applied to the free and cold end of the other, a feeble current of 


* Communicated by the Author, 
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electricity is generated, and therefore, in order to obtain an 
answer to the first of the questions, I made similar experiments 
with liquids. I took two Florence flasks (fig. 1}, one of 34 
inches diameter, and the other of 33 inches; the smaller one 
was cut off evenly at its middle at an angle of about 40 degrees 
to its largest diameter, and the largest end of the funnel so ob- 
tained was accurately closed by a porous earthenware diaphragm 
zisth of an inch thick, ce- Fic. 1 

mented in with marine 1Bp 
glue; the neck was also 
cut off, and a bent glass 
tube attached in its place 
by means of a short piece 
of vulcanized india-rubber, 
A, to prevent the heated 
liquid ascending against 
the upper wire: the larger 
one was also cut off at its 
middle in a similar man- 
ner. The small end of each 
of these funnels was closed by a cork, with a piece of slender 
copper wire projecting about half an inch inside. The larger 
flask was fixed on a stand in an inclined position with its small 
end downwards, as in the figure, and was nearly filled with a 
solution composed of 220 grains of sulphate of copper and 10 
ounces of distilled water; the smaller one was then perfectly 
filled with a portion of the same liquid and its upper end closed’ 
by its cork, and the outer ends of the wires connected with a 
suitable galvanometer. On bringing the wet porous base of the 
upper flask suddenly in contact with the liquid of the lower ves- 
sel, no perceptible electric current was developed by chemical or 
other differences in the projecting ends of wire. The upper end 
of the lower liquid was now heated to nearly its boiling-point by 
means of a small spirit-lamp, and the whole surface of the porous 
diaphragm then suddenly immersed in it to about one-eighth of 
an inch deep: no deflection of the galvanometer needles took 
place. I repeated this experiment several times with the same 
result. I also made the same kind of experiment with glass vessels 
5% inches in diameter, with bent upper tube, porous earthenware 
diaphragm ;,th of an inch thick, and the same liquid, but still 
obtained no current with the upper end of the lower column at 
212° F. 

4, To ascertain whether the questioned effect was neutralized 
or prevented by atmospheric air dissolved in the liquid, or by 
any opposing quality of the diaphragm, I tried again with the 
liquid pre-boiled, and with a prepared ox-bladder diaphragm 53 
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inches in diameter, but still obtained not the slightest current. 
Each of the two vessels contained about 12 ounces by measure 
of the solution. 

5. In each of these experiments the wires were very carefully 
prepared, so that there was no interfering current produced by 
difference of chemical action of the liquid upon them, or by dif- 
ference of smoothness of their surfaces. The galvanometer was 
an astatic one (or very nearly so), with very fine silk suspending 
fibre (I have found a fine platinum suspending wire insufficiently 
sensitive) ; its coil contained about 200 turns of moderately fine 
copper wire (exact diameter 0°0075 inch), and offered no inju- 
rious resistance ; the same instrument was used in all the suc- 
ceeding experiments mentioned in this paper. 

6. From the foregoing results, I conclude that the currents 
under consideration are not produced in any material degree by 
any thermo-electric properties of the liquid alone, similar to those 
which a single metal is known to possess. 


Description oF APPARATUS. 

7. To test whether chemical affinity takes any part in the pro- 
duction of the currents, also to assist in settlimg various other 
questions, I devised and constructed the followimg apparatus 
(fig. 2). A is an open glass cylinder*, 2 inches long and 2 
inches in internal diameter (with sides + of an inch thick), to 

Fig. 2. 


Vertical section. Scale 1 inch to 2 inches. 


* J have since constantly used a vessel of an hour-glass form with great 
success. 
B2 
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contain the liquid ; it is filled by means of the bent glass tube B. 
The ends of the cylinder are closed by perfectly similar plates of 
metal, C, C, varying in thickness from 35th of an inch with 
flexible metals, such as copper, silver, platinum, or aluminium, 
to th of an inch with brittle metals (such as bismuth or anti- 
mony), each of which, if of flexible metal, has a short projecting 
arm D, and wire or strip E (soldered or riveted to the arm), of 
the same metal, for connecting with the galvanometer ; and if of 
brittle metal, has a narrow taper rod or arm of the same metal, 
varying from 10 to 15 inches long (according to the thermic 
conductivity of the metal), projecting from one part of its edge, 
with a connecting wire attached for the same purpose ; the object 
of having the arms so long, and of having an arm to each plate, 
is to prevent the heat applied to the upper plate extending to its 
junction with the connecting wire, and causing an interfering 
thermo-electric current ; also to allow of the plates bemg inter- 
changed occasionally. 

8. F is a thin cylinder either of glass or metal (the former I 
have used, but it is apt to be broken by the pressure), open at 
both ends, of the same depth and internal diameter as the lower 
cylinder, and with an external flange {th of an inch wide upon 
its lower end. There are suitable washers of vulcanized india- 
rubber interposed between the metal plates and the ends of the 
cylinders, in order to make the two vessels water-tight. In some 
instances, when using plates of cast metal, such as bismuth or 
antimony, I have had the outer or open cylinder cast in the same 
piece of metal as the plate; and with sheet copper plates I 
have sometimes formed the cistern of sheet copper and soldered 
it to the back. GG is a circular plate of flint-glass 3ths of an 
inch thick, with a round bevelled hole in its centre to receive 
the cistern; and H H is a circular plate of brass sths of an 
inch thick, with a round hole of the same size (but not bevelled) 
in its centre ; it is covered on its upper surface with a thin sheet 
of vulcanized india-rubber. 

9. The two circular plates are held together and embrace the 
cylinders, washers, and metal plates firmly, by means of four 
thumb-screws (with “quick threads”) passing freely through 
holes in the plate of glass and screwing into the lower plate, of 
which only two, I I, are shown in the figure ; washers of vulean- 
ized india-rubber are interposed against those plates to equalize 
the pressure; there are also gutta-percha washers against the 
heads of the screws. A small band of vulcanized india-rubber, 
with a metallic hook at each end, is sometimes used ; it passes 
over the supply tube at B, and hooks upon two of the screws to 
keep the tube secure; but generally this is unnecessary, the tube 
being fitted to the hole in the cylinder by grinding and fixed by 
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varnish. There are also three leveling screws (of which only 
two, J J, are shown) to enable the apparatus to stand steady. 
K is a bent copper pipe soldered to the copper cistern, and is 
used to convey steam into the water. The cistern is provided 
with a moveable half-lid of metal to admit of the insertion of a 
thermometer, and to prevent the passage of the steam spilling the 
water. 

10. In this apparatus the interference of contact of the atmo- 
sphere is prevented ; the amount of immersed surface of each 
piece of metal is kept perfectly uniform; the temperature of the 
heated metal is under almost perfect command, and is capable of 
being very closely ascertained. 

11. When it is used it is first taken asunder; the plates are 
then perfectly cleaned by means of fine emery cloth (platinum 
plates do not require this, but merely to be heated red-hot all 
over), and repeated rubbings with clean cloths, each being made 
exactly alike in smoothness and cleaned in a similar manner ; 
they are then allowed to be face to face in contact with each 
other for several minutes, to render them more perfectly alike in 
temperature; the lower cylinder and its washers are also well 
cleaned, distilled water being used for the washing operations. 
It is then put together immediately, and the thumb-screws fixed 
very firmly. 

12. The liquid to be examined being previously well boiled, 
filtered, and cooled to the same temperature as the atmosphere 
and apparatus, is then poured by the tube B into the cylinder 
until the latter is quite full, and the tube filled to a level with 
the top of the cylinder. All air-bubbles are excluded by shaking 
the apparatus strongly whilst holding it in a suitable position 
for their escape by the tube. 

13. The wires EE are now connected with the galvano- 
meter, and the needles watched to see if any deflection arises 
from a current of electricity produced by any difference of clean- 
liness, smoothness, temperature, or other causes in the plates or 
washers. If there is any permanent deflection, the apparatus 
must be taken to pieces and rearranged: there is generally a 
small temporary deflection even when all has been properly pre- 
pared, especially with liquids which possess a strong affinity 
for the particular metal in use; but this does not materially in- 
terfere with the result in ordinary cases, and may be safely dis- 
regarded. 

14, The cistern F must now receive about three-quarters of 
an ounce of water of exactly the same temperature as the inner 
liquid (the liquid having been previously put into a thin flask 
and immersed for about ten or fifteen minutes in the water), and 
the bulb of a thermometer placed in it. A current of steam 
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must now be passed into the water, and as soon as the tempera- 
ture of the water and upper plate begins to rise, and the needles 
of the galvanometer to be deflected, the direction of the deflections 
must be noted every few minutes until the temperature of the 
water reaches 205° or 210° F. If a verification of the result is 
required, the water may be allowed to cool gradually, and the 
deflections noted as it cools, or what is much better, the experi- 
ment may be wholly repeated. The current of steam should be 
of such an amount as to raise the temperature of the water from 
60° to 210° F. in two and a half or three minutes. 

15. The time required to make a single examination of a 
liquid varies from ten minutes to half an hour, according to the 
facility of manipulation ; liquids which act strongly upon the 
washers or plates, such as strong acids or alkalies, or those which 
exhibit irregular phenomena, require much longer time, and 
need several examinations to verify the result. 

16. Many precautions are necessary to be observed in the 
construction and use of the apparatus m order to exclude every 
interfering circumstance ; the washers should be of such a nature 
as not to act chemically upon the metal plates; they should also 
not give way and be forced out by the combined influence of the 
heat and pressure; vulcanized india-rubber washers, covered 
with a thin sheet of ordinary india-rubber on the side next the 
plates by means of a solution of india-rubber in bisulphide of 
carbon, answer admirably after having been used a few times ; 
or vulcanized india-rubber ones alone succeed well with some 
metals after much use, but not in examining strong nitric acid, 
because of its action upon them. The only washers I have found 
to withstand this liquid with the heat and pressure, were formed 
of a layer of asbestus-fibre stuck upon the ends of the cylinder 
by means of a little shell-lac varnish. Washers formed of ordi- 
nary india-rubber or of gutta-percha only last during a single ex- 
periment,—the heat and pressure combined spoil them. Leather 
washers soaked in shell-lac varnish and dried, succeed for a few 
experiments, but soon become hard and brittle; and they are 
unfit for examining strong mineral acids or alkalies, being acted 
upon by them. Washers of calico, linen, or flannel, soaked in 
varnish and dried, quickly become hard and break. Of whatever 
material the washers may be composed, they should be perfectly 
alike, and be well cleaned from any previous liquid before each 
experiment. 

17. The metal plates should be as homogeneous and alike as 
possible, and if made of cast metal, each must be cast at the 
same pouring; each should be smooth and clean, polished with 
the same materials and in the same manner; the most scrupu- 
lous care must be taken to have them equally smooth, and the 
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most perfect cleanliness is necessary in their preparation. The 
more oxidable metals require to be cleaned at each experiment ;_ 
and they should be used within a few minutes after being cleaned, 
otherwise the deflections of the needles in the ensuing experi- 
ment will be considerably decreased. Platinum plates only 
require to be occasionally cleaned in ordinary experiments; but 
in all the comparative or more delicate experiments they should 
be heated red-hot all over before each time of using. In com- 
parative experiments it is of the highest importance that the 
quantity of water in the cistern be equal in each case, also that 
the current of steam be of uniform strength, and that the period 
of time occupied in raising the temperature of the water from 
the lowest to the highest point be accurately noted. 

18. The inside of the vessel should be occasionally examined 
during experiments, and invariably when the water has risen in 
temperature to nearly 200° F., to see if any air-bubbles remain 
in the liquid, or are set free by the action of heat, or any gas 
evolved by the action of the liquid upon the plates, or if any 
action of the liquid has taken place upon the washers. With all 
liquids, more or less of the atmospheric air dissolved in them is 
set free against the upper plate at the higher temperatures; but 
this, with the metals I have used (aluminium, antimony, bismuth, 
zine, tin, iron, copper, silver, and platinum), onlyslghtly affects the 
amount of deflection at those temperatures, and disappears after a 
few examinations of the liquid, the air being expelled. _I have re- 
peatedly tried the effect of previously well boiling the liquid, and 
cooling it in aclosed glass flask quite filled with it; but the de- 
flections produced were but slightly different to those when the 
liquid was not so prepared ; for delicate or comparative experi- 
ments the liquid should always be pre-boiled. I have been 
unable to examine those metals and liquids which evolve gas by 
their mutual contact, although I have tried various contrivances 
for the immediate removal of the gas; or those in which the 
metal in solution (i. e. with reducible metallic solutions) is re- 
duced upon the plates by ordinary chemical action. 

19. Care must be taken to keep the outside of the apparatus 
quite dry when in use, that the insulation of the plates from 
each other may be as perfect as possible. 


INFLUENCE OF VARIOUS CIRCUMSTANCES UPON THE CURRENTS. 


20. Ihave proved that the ordinary thermo-electric property of 
the metal has little or no influence upon the currents under con- 
sideration, by interposing in the circuit with the galvanometer 
the foregoing apparatus fitted with silver plates, and charged in 
one instance with a pre-boiled solution of carbonate of potash, 
and in another instance with an acidulated solution of sulphate 


8 Mr. G. Gore on the Development of Dynamic Electricity 


of copper; also interposing between the two instruments two 
* platinum wires 20 inches long each, terminated by two discs, 23 
inches wide, of sheet platinum ; heating one of these circles red- 
hot, and suddenly bringing it in contact over its whole surface 
with the other and cold one, not the slightest electric current 
arising from this action passed through the circuit, the liquid 
completely arresting it. 

21. Contracting the column of liquid to an hour-glass form, 
either by means of a perforated diaphragm of gutta-percha, or by a 
glass vessel of that shape (7,note) instead of the cylinder, does not 
at all diminish the quantity of the current, thereby proving that 
the currents under consideration do not arise from any action of 
heat or other force in the body of the liquid. 

22. It makes no difference in the direction of the currents 
whether the heat be applied to the liquid near the metal or to 
the metal itself, 7. e. whether the heat passes from the liquid to 
the metal, or vice versd; a number of careful experiments clearly 
established this point. 

23. The effect of constant heat was to produce a constant or 
nearly constant current, even when the two plates were main- 
tained at uniform but different temperatures for several hours. 

24. Increasing the depth of the liquid column to about 8 
inches had no appreciable effect upon the quantity of the current, 
there being abundance of conductivity for so small a force; and 
increasing the thickness of the plates had no other effect than that 
of causing the currents to be more slow in manifesting them- 
selves, in consequence of the heat being longer in reaching the 
liquid surface. 

25. To ascertain the imfluence of size and number of the 
plates, I constructed four apparatuses similar to the one already 
described (7), but with square copper plates 7 x 7 inches, and 
charged them with an acidulated solution of sulphate of copper. 
I connected them in one instance intensity fashion, 7. e. as four 
successive pairs, and in the other instance quantity fashion, 2. e. 
all the hot plates as one plate, and all the cold ones as another ; 
and tried various comparative experiments with the galvanometer 
and variable resistances, and found that the intensity of the cur- 
rent increased with the number of pairs, and the quantity with 
the amount of surface in each pair. No visible electrolytic 
effects were produced by several hours’ action of this larger ap- 
paratus upon good conducting solutions, although the current, 
even of one pair, possessed abundant intensity to traverse long 
columns of those liquids. 

26. Diminishing the area of liquid contact of the lower plate 
had the same or nearly the same effect in decreasing the quan- 
tity of the current as diminishing that of the upper one, thereby 
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proving the currents to be a result of a differential action be- 
tween the plates, and not of a specific thermic action at the upper 
plate. 

INFLUENCE OF CuEmicaAL ACTION. 

27. To ascertain whether the currents under consideration 
were solely due to chemical action, I examined several liquids in 
the foregoing apparatus (7), using platinum plates to exclude, as 
far as possible, chemical influences, and observed if any currents 
were produced: the following are the particulars of the experi- 
ments :—— 

28. Took 4 ounces of distilled water, added to it a quarter 
of an ounce of pure sulphuric acid, boiled the mixture in a glass 
flask to expel dissolved air, and cooled it in the closed flask ; 
prepared the apparatus with extreme care, and when the liquid 
was of the temperature of the atmosphere, introduced it into the 
cylinder; then tested the junction of the upper platinum plate 
with its platinum connecting wire by heat, to ascertain if any 
electric current could arise from the heat extending to the sol- 
dered junction; but no effect was produced, neither was there 
any permanent deflection of the galvanometer needles produced 
by any difference of cleanliness, temperature, smoothness or 
otherwise, of the plates or washers. Steam being now passed 
steadily into the cistern of water, the needles began to be deflected 
immediately the thermometer indicated a rise in temperature, the 
cold plate being positive ; and the deflection gradually increased 
with the rise in temperature, being 0 at 65° F. (the temperature 
of the atmosphere and lower plate) ; 15 at 80°; 2 at 90°; 2°5 at 
100°; 4 at 110°; 8:0 at 120°; 11°5 at 130°; 14°5 at 140°; 17:5 
at 150°; 19:5 at 160°; 21 at 170°; 23 at 180°; 25 at 190°; 26 at 
200°; and 26°75 at 208° F. I then took a mixture of 4 ounces 
of distilled water and a quarter of an ounce of pure nitric acid, and 
performed a similar experiment ; the cold plate was again strongly 
positive to the hot one, and increasingly with the increased dif- 
ference of temperature. 

29. These currents did not arise from difference of chemical 
action at the metallic surfaces, that being excluded by the careful 
preparation of the plates, and proved by the previous quiescence 
of the galvanometer; nor from chemical action developed by 
heat,—1st, because there was not the slightest sign of such action 
upon either of the plates after either of the experiments; and 
2ndly, because if such action had occurred, the current produced 
would have been in an opposite direction, as will hereafter be 
proved in the present paper. 

30. If a minute degree of chemical action is the cause of the 
currents obtained with platinum plates, then I can at present 
imagine with any reasonable degree of probability only the fol- 
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lowing cases :—Ist, that under the influence of heat, acid liquids 
act upon metals differently to alkaline ones ; either the hot plate 
dissolving most in the case of acids, and the cold one in the case 
of alkalies, or vice versd, the plate most freely acted upon being 
positive in all cases; or 2nd, that the hot plate dissolves most in 
both cases, but with acids the dissolvmg metal acts as a base and 
is positive, whilst with alkalies it acts as an acid and is negative. 

31. If either hypothesis be true, experiment ought to ac- 
cord. ‘To test them, I mixed together a quarter of an ounce of 
sulphuric acid and 8 ounces of a solution composed of 220 
grains of sulphate of copper dissolved in 10 ounces of water, and 
then accurately balanced two equal quantities (about 3 ounces 
each) of the mixture. I put the two portions in separate large 
glass flasks with two pieces (one in each) of copper foil, each 
2x 2 inches, of the same thickness, perfectly clean, and cut from 
contiguous parts of the same piece of metal; kept each exactly 
ten hours in its liquid, one being at about 65° F., and the other 
maintained at a temperature of about 200° F. the whole of the 
time, the small amount of water which evaporated from the hot 
one being occasionally replaced. The hot liquid in a few hours 
became manifestly deeper in colour, and the piece of metal in it 
gradually blackened, whilst the other solution and its metal did 
not visibly alter. The pieces of metal were taken out at the end 
of the ten hours, rmsed in water, dried and weighed ; the one 
from the cold liquid, which previously weighed 23°7 grs., had 
lost only 0-1 gr., whilst the other, which weighed 24:0 grs., had 
lost 6°4 grs., and was quite dark in colour, the cold one being 
but moderately tarnished. When the hot portion of the liquid 
had cooled, I mixed it with the other portion, filtered, and intro- 
duced it into the apparatus (7) with copper plates, and tried it 
in the usual manner. The cold plate was positive, the deflection 
of the galvanometer needles being 54 with the top plate at 
208° F., and the lower one at 65° F. I repeated this experi- 
ment with the same liquid and very thin copper plates; the cold 
plate was again positive, the deflection bemg 51 with the upper 
plate at 206° F. In both of these experiments the upper plate 
alone was blackened on taking the apparatus to pieces. 

32. In these cases there was doubtless more chemical action at 
the upper plate than at the lower one; yet notwithstanding this 
the lower plate was positive, which I attribute to the action of 
some other cause than chemical action. These instances are ex- 
ceedingly clear ones, and the results are invariably the same with 
all solutions of sulphate of copper, acidulated or pot, or of various 
degrees of dilution, when examined either with copper, silver, or 
platinum plates. 

33. The following experiments also show that the currents 
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usually obtained with platinum plates do not arise from a small 
amount of chemical affinity developed at the upper surface by 
the action of heat, whilst with some metals, where we know 
such affinity to exist, they show that the strength of the cur- 
rents of the other cause is influenced by it. The examiner, fitted 
with a copper plate below and a platinum one above, was charged 
with a solution composed of 100 grains of sulphate of copper 
dissolved in 4 ounces of distilled water, the liquid being pre- 
boiled; on connecting with the galvanometer there was a per- 
manent deflection of 31 degrees, arising from difference of che- 
mical action of the liquid upon the two metals, the copper being 
of course positive ; this deflection was gradually increased to 57 
degrees by heating the platmum plate to 208° F., the lower 
plate being at 64° F. The copper plate was quite clean and bright 
after the experiment. The apparatus was now fitted with the pla- 
tinum plate below and the copper one above, and recharged with 
the same liquid (previously cooled) ; the deflection from differ- 
ence of chemical action was 33 degrees, the copper plate being of 
course positive; this deflection was gradually decreased to 22 
degrees by heating the copper plate to 208° F., the lower plate 
being at 63° F. The copper plate was distinctly blackened by the 
chemical action. 

34. In the first of these experiments the undetermined 
cause gave an increased negative condition to the upper plate 
= 26 degrees; but in the second, the decreased positive con- 
dition of the upper plate due to this tendency or cause was only 
equal to 11 degrees (and those degrees of less value than in the 
first case, owing to the nearer position of the needles to zero), 
which I attribute to the chemical action at the upper plate tend- 
ing to excite a feeble electric current in an opposite direction, or 
in other words, tending to make that plate more positive. The 
various precautions already described were taken in order to 
secure reliable comparative results. 

35. I further tried this with plates of copper and silver, and a 
solution composed of 10 ounces of water and 220 grs. of sulphate 
of copper ; with the copper plate below and the silver one above 
there was a permanent steady deflection of 52 degrees from dif- 
ference of chemical action of the liquid upon the two metals (cop- 
per positive), which was gradually increased to 69 degrees by heat- 
ing the silver plate to 207° F., the lower plate being at 70°F. The 
silver plate was very slightly tarnished after the experiment. The 
apparatus was now fitted with the copper plate above and the 
silver one below, and charged as before; the deflection from dif- 
ference of chemical action was 524 degrees, which was gradually 
decreased to 41 degrees by heating the copper plate to 208° F., 
the silver plate and lower part of the liquid being at 75° F. The 
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copper plate was quite tarnished after the experiment, but the 
silver one not at all so. These experiments bear the same expla- 
nations as the preceding ones. With both plates composed of 
silver, and the same liquid retried, there was a strong upward 
current, the upper plate alone being tarnished after the expe- 
riment. 

36. Similar results were obtained by heating pieces of copper 
foil and platinum foil in V-tubes containing a solution of sul- 
phate of copper. With hot platinum and cold copper the deflec- 
tion was 20, the copper of course being positive; but with hot 
copper and cold platinum it was only 9. The heat in these two 
cases was applied by means of a small blowpipe, and was conse- 
quently much greater and less regular than in the preceding 
experiments. 

37. In some cases we find the chemical action develope a cur- 
rent of sufficient force to overpower the current due to the other 
cause and determine it in the opposite direction. For instance, 
I fitted the apparatus with plates of rolled grain tin, and charged 
it with a pre-boiled mixture of 4 ounces of distilled water and 4 
of an ounce of pure hydrochloric acid, and applied heat in the 
usual manner; the hot plate was positive, and increasingly so 
with the increase of heat. A few very small bubbles of gas were 
evolved against the upper plate at the higher temperatures by 
the chemical action. Retried this experiment with similar results. 
I also fitted the apparatus with platinum plates, and charged 
the hour-glass with a mixture of 2 ounces of pure hydrochloric 
acid and 1 drachm of pure nitric acid, and applied heat as 
usual; the hot plate became positive, equal to 27°5 degrees at 
180° F., the lower plate being at 65° F. The experiment was 
interrupted by the evolution of bubbles of acid vapour against the 
upper plate. I further tried the same plates with a mixture of 1 
drachm of the above liquid and 13 ounce of pure hydrochloric 
acid; the hot plate became positive equal to 59 degrees at 
208° F., the lower plate being at 64°F. The evolution of gas 
against the upper plate decreased the amount of deflection at the 
higher temperatures. In both of these experiments the upper part 
of the liquid became of a yellow colour (from dissolving of the 
platinum) at the end of the experiment. 

38. In the following cases, also, the chemico-electric current 
overpowers the current due to the other cause. I fitted the 
examiner with plates of antimony (cast with cisterns of the same 
metal at their backs in place of the separate cisterns of glass or 
copper), and charged it with a mixture of equal measures of di- 
stilled water and hydrochloric acid; the hot plate was positive, 
and increasingly so by increase of heat. Retried with 4 ounces 
of distilled water and 4 of an ounce of pure hydrochloric acid, 
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liquid pre-boiled ; same result. These currents are of course 
of a secondary character with regard to heat, being results of the 
chemical action produced (or permitted) by the heat. 

39. That the currents are not due to secondary chemical action 
is also evident ; for if they were, they would increase in quantity 
with every increase of the primary chemical action, which is not 
found to be the case, but the reverse; the greater the amount 
of chemical action in certain cases, the weaker are the results. 


ExaMINATION oF Liquips. 


40. Having by means of platinum plates excluded, as far as 
possible, all interference of chemical action, I now examined a 
number of liquids in the apparatus with platinum plates. They 
were all well filtered, and no visible appearance of chemical action 
occurred in any case. 

41. Boracic Acid.—4 ounces of distilled water and 60 grains 
of boracic acid; the solution was previously well boiled to expel 
dissolved air; the hot metal was negative to the cold one, the 
current being upward through the liquid. 

42. Phosphoric Acid.—4 ounces of distilled water and 55 
grains of solid phosphoric acid, solution pre-boiled; hot metal 
negative. 

43. Sulphuric Acid.—4 ounces of spring water and } of an 
ounce of pure sulphuric acid; hot metal negative. Retried with 
the liquid pre-boiled ; same result. Tried again with distilled 
water and the liquid pre-boiled; same result. Using spring 
water did not interfere with the conclusion sought in the case of 
strongly acid or strongly alkaline liquids; but with those solu- 
tions which exhibited feeble acid or alkaline reaction, purity was 
of importance, and previously boiling the quid occasionally 
reversed the electric relations of the metals. 

44. Hydrochloric Acid.—4 ounces of spring water and 4 of an 
ounce of pure hydrochloric acid; hot metal negative. Retried 
the same liquid pre-boiled; same result. Tried again with di- 
stilled water and liquid pre-boiled ; same result. 

45. Nitric Acid.—A4: ounces of spring water and 4 of an ounce 
of pure nitric acid; hot metal negative. Retried with liquid 
pre-boiled ; same result. Tried again with distilled water and 
liquid pre-boiled ; same result. 

46. Hydrocyanice Acid,—4 ounces of distilled water pre-boiled, 
and 1 of an ounce of ordinary hydrocyanic acid added ; hot 
metal very feebly positive. Retried the same liquid after it had 
absorbed some atmospheric air ; same result, but in a less degree. 
It appeared probable, from the known chemical relations of cy- 
anogen and cyanides to the noble metals, that slight chemical 
action occurred in this case. 
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47. Oxalic Acid.—4 ounces of distilled water and 100 grains 
of oxalic acid, solution pre-boiled ; hot metal negative. 

48. Acetic Acid.—A4 ounces of distilled water pre-boiled, and 
2 of an ounce of strongest liquid acetic acid added; hot metal 
negative. 

49. Tartarie Acid.—4 ounces of distilled water and 100 grains 
of tartaric acid, liquid pre-boiled ; hot metal negative. 

50. Citric Acid.—4 ounces of distilled water and } of an ounce 
of aqueous solution of citric acid, liquid pre-boiled; hot metal 
negative. Retried the same liquid after it had absorbed some 
atmospheric air; same result, but in a less degree. 

51. Ammonia.—4 ounces of spring water and 4 of an ounce 
of strong aqueous solution of ammonia; hot metal positive. 

52. Carbonate of Ammonia.—4 ounces of distilled water and 
100 grains of sesquicarbonate of ammonia, the solution pre-boiled 
a short time to expel dissolved air, and to partly convert the salt 
into bicarbonate ; hot metal negative. 

53. Sulphate of Ammonia.—4 ounces of distilled water and 
100 grains of sulphate of ammonia, solution pre-boiled; hot 
metal negative. Retried after absorption of some atmospheric 
air; same result, but in a less degree. The solution exhibited 
feeble acid reaction with litmus-paper. 

54. Hydrochlorate of Ammonia.—4. ounces of spring water and 
100 grains of hydrochlorate of ammonia; hot metal feebly posi- 
tive. Same solution pre-boiled; the hot metal was negative. 
Retried with distilled water and the solution pre-boiled; hot 
metal was feebly negative below 200° F.,—above that, feebly 
positive. Tried the same liquid after absorption of some atmo- 
spheric air; the hot metal was then feebly negative, increasingly 
to 180° F., then decreasingly to 208° F. I finally reboiled it ; 
the hot metal was then in a greater degree negative, increasingly 
to 200° F., then decreasingly to 208° F. The solution was very 
feebly acid to litmus-paper. These results well exhibit the inter- 
ference of the impurities of spring water in a liquidof feeble action. 

55. Nitrate of Ammonia.—4 ounces of distilled water and 100 
grains of nitrate of ammonia, solution pre-boiled; hot metal 
negative. Retried after absorption of some atmospheric air ; 
same result, but in a less degree. Liquid was feebly acid to 
litmus-paper. 

56. Caustie Potash.—43 ounces of spring water, containing 
100 grains of anhydrous potash dissolved in it, solution pre- 
boiled ; hot metal positive. 

57. Carbonate of Potash.—4 ounces of spring water and 100 
grains of carbonate of potash; hot metal positive. Retried with 
solution pre-boiled; same result. Tried again with distilled 
water and liquid pre-boiled ; same result. 
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58. Sulphite of Potash.—4: ounces of distilled water and 100 
grains of sulphite of potash, solution pre-boiled ; hot metal posi- 
tive. Retried it after absorption of some air; same result, but 
in greater degree. Weak alkaline reaction with test-paper. 

59. Sulphate of Potash.—4 ounces of distilled water and 100 
grains of sulphate of potash, liquid pre-boiled; hot metal posi- 
tive. Retried after it had absorbed some air; same result, but in 
a less degree. ILaquid exhibited neutral reaction with test-paper. 

60. Chlorate of Potash.—4 ounces of spring water and 100 
grains of chlorate of potash ; hot metal feebly negative. Retried 
with liquid pre-boiled; hot metal again feebly negative. Tried 
again with distilled water and solution pre-boiled; hot metal 
feebly positive. Allowed the latter solution to absorb some air ; 
the hot metal was still positive, but in a less degree. The liquid 
gave a very faint acid reaction with litmus-paper. In this case, 
as in that of hydrochlorate of ammonia (54), the impurities of 
spring water evidently paeertnae and reversed the electric rela- 
tions of the plates. 

61. Nitrate of Potash.—4 ounces of spring water and 100 
grains of nitrate of potash; hot metal positive. Retried with 
distilled water and liquid pre-boiled; same result. Tried again 
with some air absorbed ; same result, but ina less degree. Faintly 
acid reaction with litmus-paper. 

62. Cyanide of Potassium.—4 ounces of distilled water and 
100 grains of cyanide of potassium, liquid pre-boiled ; hot metal 
strongly positive. Retried the liquid after it had absorbed some 
air; same result. Strongly alkaline reaction with litmus-paper. 
Probably chemical action contributed towards the strength of this 
result. 

63. Tartrate of Potash.—4: ounces of distilled water and 100 
grains of tartrate of potash, liquid pre-boiled; hot metal positive. 
Retried after it had absorbed some air; same result. Weak 
alkaline reaction. 

64, Bitartrate of Potash.—4 ounces of distilled water satu- 
rated at 63° F. with bitartrate of potash, liquid pre-boiled ; hot 
metal negative. Retried after exposure to the atmosphere afew 
hours; same result. Acid reaction with litmus-paper. 

65. Caustie Soda.—4¥ ounces of spring water containing 100 
grains of anhydrous soda, liquid pre-boiled ; hot metal positive. 

66. Carbonate of Soda.—4 ounces of spring water and 100 
grains of crystallized carbonate of soda; hot metal positive. 
Retried with the solution pre-boiled ; same result. Tried again 
with distilled water and the solution pre-boiled; same result. 

67. Biborate of Soda.—4 ounces of spring water and 50 grains 
of biborate of soda; hot metal positive. Retried with distilled 
water and 60 grains of the salt, liquid pre-boiled ; same result. 
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68. Diphosphate of Soda.—4: ounces of spring water and 100 
grains of diphosphate of soda; hot metal positive. Retried with 
distilled water and the liquid pre-boiled; same result, but-in a 
less degree. Liquid exhibited weak alkaline reaction with test- 

aper. 
: 69. Hyposulphite of Soda.—4: ounces of distilled water and 
100 grains of hyposulphite of soda, pre-boiled ; hot metal posi- 
tive. Retried-after absorption of some atmospheric air; same 
result, but in a greater degree. Liquid neutral to test-paper. 

70. Sulphate of Soda.—4 ounces of distilled water and 100 
grains of sulphate of soda, solution pre-boiled ; hot metal nega- 
tive. Retried after absorption of a little air; same result. 
Neutral to test-paper. 

71. Chloride of Sodium.—4 ounces of distilled water and 100 
grains of chloride of sodium, pre-boiled; hot mefal positive. 
Retried after absorption of air; same result. Neutral reaction 
with test-paper. 

72. Nitrate of Soda.—4 ounces of distilled water and 100 
grains of nitrate of soda, pre-boiled; hot metal positive. Retried 
liquid after it absorbed some air; same result. Neutral to test- 

aper. 
4 73. Microcosmic Salt.—4: ounces of distilled water and 100 
grains of microcosmic salt, pre-boiled ; hot metal positive. Re- 
tried after absorption of air; same result. Liquid exhibited 
alkaline reaction. 

74. Bitartrate of Soda.—4: ounces of distilled water and 100 
grains of bitartrate of soda, pre-boiled; hot metal very feebly 
positive. Retried several times with similar results. Acid 
reaction. 

75. Solutions of chloride of barium, nitrate of baryta, chloride 
of strontium, nitrate of strontia, chloride of calcium, sulphate of 
magnesia, and chloride of magnesium, were also similarly prepared, 
and each examined several times; and the results obtained, 
although uniform, and confirmatory of all previous ones, were so 
ininute in degree, and affected by such slight circumstances, that 
I have thought it unadvisable to publish them. 

76. Sulphate of Alumina.—4 ounces of distilled water and 50 
grains of sulphate of alumina, pre-boiled; hot metal negative. 
Retried after exposure to air; same result. Liquid acid to 
litmus-paper. 

77. Sulphate of Zinc.—5 ounces of spring water and 100 
grains of sulphate of zinc; hot metal negative. Acid reaction 
with litmus-paper. Retried with distilled water, and the solu- 
tion pre-boiled ; same result. Weak acid reaction. 

78. Sulphate of Copper.—5 ounces of spring water and 110 
grains of sulphate of copper; hot metal negative. Retried 
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with the liquid pre-boiled; same result. Added 1 drachm of 
pure sulphuric acid to this solution and retried; same result, 
but in a very much greater degree. Same solution pre-boiled 
gave similar results. Tried again with 4 ounces of distilled 
water and 100 grains of the salt pre-boiled; same result. 

79. Nitrate of Copper—5 ounces of spring water and 110 
grains of nitrate of copper; hot metal negative. Retried with 
the liquid pre-boiled; same result. Acid reaction. 

80. According to these results, hot platinum is negative to 
cold platinum in the following liquids :—moderately dilute « 
aqueous solutions of boracic, phosphoric, sulphuric, hydrochloric, 
nitric, oxalic, acetic, tartaric, and citric acids. Also in aqueous 
solutions of the following salts :—sulphate, hydrochlorate, and 
nitrate of ammonia, sulphate of soda, sulphate of alumina, sui- 
phate of zine, sulphate of copper, sulphate of copper acidulated 
with sulphuric acid, and nitrate of copper. And hot platinum 
is positive to cold platinum in aqueous solutions of ammonia, 
carbonate of ammonia, potash, carbonate, sulphite, sulphate, 
chlorate, and nitrate of potash, cyanide of potassium, soda, car- 
bonate, biborate, diphosphate, and hyposulphite of soda, chloride 
of sodium, nitrate of soda, and microcosmic salt. 

81. In every case (provided chemical action was completely or 
sufficiently excluded) where the liquid was strongly acid to test- 
paper, hot platinum was decidedly negative to cold platinum ; 
and in every case where the solution was strongly alkaline, it 
was as decidedly positive. Also in every case where the liquid 
was neutral, or exhibited but feeble acid or alkaline reaction with 
test-paper, the current obtained was very feeble, and was affected 
by very slight circumstances, so that the results in such cases 
are necessarily less certain and less to be relied upon than in 
the more definite ones. We may select from amongst those 
examined the following solutions as being of the less certain cha- 
racter :—hydrochlorate of ammonia, sulphite, sulphate, chlorate, 
nitrate, and tartrate of potash (bitartrate of potash was also 
feeble), diphosphate, hyposulphite, sulphate, and nitrate of soda, 
chloride of sodium (bitartrate of soda was also feeble), and sul- 
pbate of zine. 

82. Thus, speaking in general terms, liable, as we have seen, 
to some slight exceptions, we may say that hot platinum is nega- 
tive to cold platinum in acid liquids, and positive to it in alkalime 
ones ; the only exceptions to this statement amongst the instances 
given are aqua-regia and dilute hydrocyanie acid, in which the 
hot plate was positive ; sulphate of soda, which exhibited neutral 
reaction, and yet in which the hot metal was negative, though 
very feebly ; and bitartrate of soda, in which, although of acid 
reaction, the hot metal was feebly positive. On account of the 
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feeble action of neutral solutions, or those of weak acid or alka- 
line properties, it is probable that by further experiment with 
substances of greater purity, several exceptions will be found 
amongst those examined. 


DELICACY OF THE APPARATUS. 


83. To test the degree of delicacy of the foregoing apparatus 
and method for detecting those supposed new properties of acid 
and alkaline liquids, I made the following experiments :—Took 
4 ounces of distilled water and } of a drachm of a mixture of 1 
measure of pure and strong nitric acid and 16 measures of di- 
stilled water, and mixed them together = a mixture of 1 measure 
of strong nitric acid and 2192 measures of water ; pre-boiled the 
liquid ; hot platinum (7. e. at 208° F.) was decidedly negative to 
cold platinum (2. e. at 60° F.) in it. Distinct acid reaction with 
litmus-paper. Retried; same result. Now took } a drachm of 
the liquid of this experiment and added to it 4 ounces of distilled 
water = a mixture of 1 measure of strong nitric acid and 142480 
measures of water; pre-boiled the liquid; the hot platinum was 
still negative, but in an extremely feeble degree. The liquid 
gave very faint acid reaction with test-paper. I now increased 
the proportion of acid by adding a second haif drachm of the 
liquid of the previous experiment and retried; the hot metal was 
now negative in a greater degree, and the liquid gave distinct 
acid reaction with litmus-paper. 

84. To test its delicacy with alkaline liquids, I took 3 a drachm 
of a solution consisting of 43 ounces of water and 100 grains of 
anhydrous potash, and added to it 4 ounces of pre-boiled distilled 
water = to a mixture of 1 part of potash and 2914-4 parts of 
water ; hot platinum was decidedly positive to cold platinum in 
it, and test-paper exhibited weak alkalinity. I now added } a 
drachm of the liquid of this experiment to 4 ounces of pre-boiled 
distilled water = a mixture of 1 part of potash and 189500 parts 
of water, and retried ; the hot metal was still decidedly positive, 
though in a very feeble degree, and exhibited a more distinct 
result than the weakest mixture of nitric acid. The liquid gave 
no perceptible reaction with litmus-paper. It appears to me 
quite likely, that, with an apparatus containing much larger 
plates, these supposed new properties might be detected in water 
containing much smaller proportions of acid or alkali than those 
mentioned. I propose for the present to call the apparatus a 
thermo-electro-liquid-examiner. 


GENERAL INFERENCES. 


85. Having eliminated the various sources of interference, and 
determined the influence of a number of circumstances upon the 
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currents, I may now sum up the chief points ascertained. The 
currents under consideration are not due to thermo-electrie pro- 
perties of the liquids, nor are they influenced in any material 
degree by the simple thermo-electric properties of the metals. 
They arise from a differential action of heat at the surface of 
liquid contact of the two plates, and not from any action in the 
body of the liquid, the latter functioning merely as a conductor 
of the current. Hot platinum is almost invariably positive to 
cold platinum in alkaline liquids, and as often negative in acid 
liquids ; and as far as I have examined other metals, they are 
the same, provided chemical action is completely or sufficiently 
excluded. The currents obtained with platinum plates are not 
due (except with a very few liquids, such as aqua-regia) to che- 
mical action, but to sume cause which I have not yet completely 
determined; whilst with base metals, both this cause and che- 
mical affinity are in most cases operating; the one tending to 
produce a current in one direction, and the other in an oppo- 
site one. 

86. As the currents obtained with platinum are extremely 
minute, it is necessary to use a very sensitive galvanometer ; and 
it would be an advantage to have an examiner with larger plates 
than the one described, say of 4 inches diameter. 


Birmingham. 


II. Supplementary Remarks on the Porism of the In-and-circum- 
scribed Triangle. By A. Cayury, Esq.* 
[* my former papers (see Phil. Mag. August and November 
1853) I established (as part of a more general one) the fol- 
lowing theorem, viz. the condition that there may be inscribed 
in the conic U=O an infinity of triangles circumscribed about 
the conic V=0, is, that if we develope in ascending powers of k 
the square root of the discriminant of kU +V, the coefficient of 
k* in this development must vanish. Thus writing 
disct. (kV + U) =(K, 0,0), Kk, 1)%, 
the condition in question is found to be 
30?—4K0’/=0. 
The following investigations, although relating only to par- 
ticular cases of the theorem, are, I think, not without interest. 
If the equation of the conic containing the angles is 


U =2ayz + 2bzx + 2cay=0, 
and the equation of the conic touched by the sides is 
Vaa2? 4+ 4? + 2° —2y2—2za—2a2y=0, 


* Communicated by the Author. 
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we have 
disct.(k, k, k, a—k, b—k, c—kYa, y, z)?=(K, 9, O!, K"Yh, 1)°, 
406 

K=—4 

O= =(a+b+ce) 

O'= — = (at+b+c)? 

K’/=2abe, 
and the equation 30?—4K©!=0 becomes 

5 (a+b-+e)?— F(a+b+e)?=0, 
which is satisfied identically. This is as it should be; for it is 
plain that there exists a triangle, viz. the triangle (c=0, y=0, 
z=0), inscribed in the conic U=O, and circumscribed about the 


conic V=0. 
Suppose that the equation of the conic containing the O is 


y?—4za=0, 
and the equation of the conic touched by the sides is 
ax? + by? + cz*=0. 
Then the tangential equation of the last-mentioned conic is 
bcE? + can? + ab??=0. 
And if we take for the angles of the triangle vw: y: z=1: 2X: d%, 
or 1:2: uw, or 1: 2v:y*, then the equation of the line joining 
the angles (), (v) is 
Sve — (yw +v)y +2=0, 
which will touch the conic az? + by? + cz?=0 if 
. beAp?v? + ca(w+v)?+ab.4=0. 
And it is required to find under what circumstances the equations 
be . 4y?v? + ca(w+v)? +ab.4=0 
be . 4v?d? + ca(v +A)? +.ab .4=0 
be . Anu? + ca(A+ po)? + ab .4=0 


become equivalent to two equations only. The condition is of 
course included in the general formula; and putting 


disct. (ka, kb+1, ke, 0, —2, OF #, y, 2)?=(K, 9, 0’, K'X ih, 1)%, 


we must have 


30°—4K0'=0. 
The discriminant in question is 
Kabe+ k*ac—k .4b6—4=0, 
or K=1, O= Lac, O'= — $b, K'= —4, the required condition 
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is therefore ac + 1647=0, or ar, 
b=—1iVae. 
Substituting this value, the equations become 
cy?y? +1 Vca(u+v)2?+a=0 
cv rA2 +i Vca(v+r)2?+a=0 
on? +i V ca(d+ w)?+a=0. 
The first and second of these are 
A +2Hv+Bv=0 
A'+2H'v+ B’?=0, 
where 
A=(—i Vat+p2 Ve)i Va, =i V cap, B= (i Vat p2 V0) Vc 
Al=(—i /a4n2 Ve)i Va, H=i V car, BI=(i Va+ 2 V0) Ve 
AB! + A'B—2HH! =2i Vac(a—i V acd + cr2p?) 
AB—H? = iVac(a—i Vacu?+cp4) 
A'B'—H? = i Vac(a—i V ach? +4). 
And the result of the elimination therefore is 
(a—i V acd? + cr4) (a—i V acu? + cyt) — (a—i Vacdw + cr%p2)?, 
viz. 
2 Vca(A—p)?(crA2u2 +i Vca(’+p)?+a)=0; 
which agrees, as it should do, with the third equation. 
To find the condition that it may be possible in the conic 
a+y?+22=0 
to inscribe an infinity of triangles, each of them circumscribed 
about the conic ¢ 
aa? + by? + cz?=0. 
Let the equations of the sides be 
lL Vav+m WV by+nVcz=0 
USaxt+m VSby+n! /cz=0 
 /ax+m! Vby +n" /cz=0. 
Then the conditions of circumscription are 
i? +m? +n? =0 
I? +m? +-nl2 =0 
[24 mll24. n!!2=0, 
And the conditions of inscription are 
be(m'n'' ce m'n!)? ate ca(n'l!" yee n!!]!)? aE ab(l'm'' eae By!) t= 0) 
be(m!'n —mn'")? + ca(n!'l — nl!')? + ab(l"m — Im)? =0 
be(mn! —m'n)? + ca(n i! —n'l)? + ab(lm! — I'm)? =0. 
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Now 
(mn! —m!n)?= (m? + n®) (m'? + n!?) — (mm! + nn’)? 
= [2]! — (mm! + nn')? 
= — (Il! +: mm! + nn')(—Ul! +m! + nx!) ; 
and making the like change in the analogous expressions, and 
putting for shortness 
—be+ca+ab=a 
be—ca+ab=8 
be+ca—ab=y, 
the conditions in question become 
(20" + mbm! + nln!") (alll" + Bn!!! + yn'nl") =0 
("0 + m!'m+ nl'n) (all + Bm''m + ynl'n) =0 
(Ul! + mm! + nn’) (all! + Bmm! + ynn')=0., 
The proper solution is that given by the system of equations 
I? +m? +n? =0 
[2 +-m? +n? =0 
[!'2 4. mll2 4 nl2=0, 
ael!l" + Bm'm'' + yn'n! =0 
al!" + Bm!'m + yn'n=0 
all! + Bmm! +yn' =0. 


Y " 

And by writing /= Lo f= “, eS 4, m= 8 &e., 
1 ] 1 ‘ 

A=-, B=—, C=-, these equations become 
a 8 Y 


Af? +Bg? +Ci? =0 

Af? +Bg? 4+C#H2=0 

Af"? + Bg'? + Ch'2=0, 

Sf" +99! +Hh"=0 

S"f +9"9 +h'h =0 

Sf +99 +hk' =0. 
The first of which systems expresses that the points (f, g, /), 
(f', 7, ), (f", g", h") ave points in the conic 

Aa? + By?+ Cz2=0; 
and the second condition expresses that each of the points in 
question is the pole with respect to the conic 
a+ y? +2°=0 
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of the line joining the other two points, 2. e. that the three pots 
are a system of conjugate points with respect to the last-men- 
tioned conic. The problem is thus reduced to the following one: — 

To find the condition in order that it may be possible in the 


conic 
Az? + By? +Cz?=0 
to inscribe an infinity of triangles such that the angles are a 
system of conjugate pomts with respect to the conic 
et+y+2=0. 
Before going further it is proper to remark that if, instead of 
assuming al!!! + Bil ml! + nn! =0, we had assumed 
PU! + mm" + n'nl!'! =0, 
this, combined with the equations 
P24 m2+n2=0, U!2+m!!?+n=0, 
would have given I! : m! :n!=1!"': ml: nl', i. e. two of the angles 
of the triangle would have been coincident: this obviously does 
not give rise to any proper solution. Returning now to the 
system of equations in f, g, h, &c., since the equations give only 
the ratios f:g:h; fl:g!: Wi; fl:g":h% we may if we please 
assume 
fp +g +l? =1 
ie +g! ae ,2= il 
fr+g+He=l, 
which, combined with the second system of equations, gives 
P+fetfr=l 
gtg?tg@=l 
f2+ Al2 + hi2=1. 
We have, consequently, 
A+B+CHA(fe+f?2 +f") + BY? +97 +9") 4 C(h2 + hi2+ hl?) 
= (Af? + By? + Ch?) + (A 24 Bo'? + Ch?)+(Af"? + Bgl? + Chi), 
1. @. A + B AF C = 0, 
for the condition that it may be possible in the conic 
Aa? + By? + Cz?=0 
to describe an infinity of triangles the angles of which are con- 
jugate pots with respect to the conic 2?+y?+27=0. 
The equation of the conic Aa? + By?+Cz?=0 may be written 
in the form 
(bc? — c2a? — ah? + 2a7be)a* + (+ a? — ath? — bc? + 2ab?c)y” 
+ (ah? —b?c? — 2a? + 2abc?)z?=0, 
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which gives the values of A, B, C; or again in the form 
2(be + ca + ab) (bea? + cay? + abz?) 
— (be + ca + ab)?(x? + y? +27) 
+ 4abe(ax* + by? + cz?) =0; 


where it should be observed that bex?+cay?+abz*=0 is the 
equation of the conic which is the polar of az*+by?+cz?=0 
with respect to a?+4+y4?+2?=0. It is very easy from the last 
form to deduce the equation of the auxiliary conic, when the 
conics ax*+ by?+cz2=0, «*+y?+2?=0 are replaced by conics 
represented by perfectly general equations. 

The condition A+ B+C=0 gives, substituting the values of 
Aars,-C, 

bc? + c?a? + a®b? —2abe(a+b+c)=0; 
or in a more convenient form, 
(be + ca+ ab)? —4abe(a+b+c)=0, 
as the condition in order that it may be possible to inscribe in the 
conic 2?+y?+2?=0 an infinity of triangles, the sides of which 
touch the conic az*+ by*,+ cz?=0: this agrees perfectly with the 
general theorem. 

It is convenient to add (as a somewhat more general form of 
the equation A+ B+C=0), that the condition in order that it 
may be possible in the conic Aa? + By?+Cz?=0 to inscribe an 
infinity of triangles the angles of which are conjugate points with 
respect to the conic A,a?+ B,y?+C,2?=0, is 


— =0. 


But the problem to find the condition in order that it may be 
possible in the conic «?+y?+2?=0 to inscribe an infinity of 
triangles the sides of which touch the conic aa*+ by?+cz?=0, 
may, by the assistance of the geometrical theorem to be presently 
mentioned, be at once reduced to the problem,— 

To find the condition in order that it may be possible in the 
conic z*+ y?+2?=0 to inscribe an infinity of triangles the sides 
of which are conjugate points with respect to a conic 

A,a?+B,y?+C,27=0. 
The theorem referred to is as follows :— 

Theorem. If the chord PP! of a conie S envelope a conic a, 
the points P, P! are harmonics with respect to a conic T which 
has with S, o, a system of common conjugate points. 

Take for the equation of S, 

a+y?+22=0; 
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and for the equation of oc, 
aa? + by? +e22=0. 
Then if (2, 71) 21), (@a Yor 29) ave the coordinates of the points 
P, P! respectively, we have 
ae tyy+zy=0 
@_? + Yo? + 29° =0. 
And the condition in order that the chord may touch the conic 
o is 
be(yy22— Yor)? + Ca(21La— Z%})” + 4b (# Yo — Lay) =0. 
But we have 
(Y:29—Yo%1)?= (Wr? +21?) (Yo? + 20° — (Yio + 7172)” 
=2,70q?— (YiY2t 2120)" 
= (aot Yat #120) (@\%9— YiYo— 712): 
And making the like change in the analogous quantities, and 
putting for shortness 
a=—be+ca+ab 


B= be—ca+ab 

Y= * be +ca—ab, 
the condition in question becomes 

(@ q+ YsYot 21%) (421% + By Yo + ¥71%2) =9- 
But the equation 2%+ Yet 7172= O must be rejected, as giving 
with the equations 2,2 +y,?+2,?=0, 2° +y_° +29 =0 the reine 
tion 2: Yy 2 2;=Lei Yoi Yes We have therefore 
HL + BY Yo ¥7122=9, 

which implies that the points (#,, 7, 2;) and (#o, Yo, Zo) are har- 
monies with respect to the conic 


ax” + By? + y2?=0, 
which is a conic having with S, o, a system of common conjugate 
points. The equation may also be written 
(—be+ca+ab)a® + (be —ca + ab)y? + (be + ca—ab)z?=0; 
or, as it may also be written, 
(be + ca + ab) (a? + y* + 2°) —2 (bea? + caz* + aba*). 

And, as before remarked, bea*® + cay? +abz?=0 is the equation 
of the conic which is the polar of az* + by? + cz? =0 with respect 
to 227+ y?+27=0. 

The condition in order that there may be inscribed in the 
conic 2?+4?+22=0 an infinity of triangles the angles of which 
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are conjugate points with respect to the conicax? + By? + yz?=0,is 
1 + 1 2% =O 
Pe om aS 
Or writing this equation under the form By+y2+a8=0, and 
substituting for «, 8, y their values, we have the equation already 
found, as the condition in order that it may be possible in the 
conic z?+ y?+2?=0 to inscribe an infinity of triangles the sides 
of which touch aa? + by? + cz*=0. 
Theorem. Let 
ax* + by? + cz*=0 
be the equation of a spherical conic, and let (& : 7 : €), a pomt on 
the conic, be the pole of a great circle cutting the conic in two 
points; the conic intersects upon the great circle an are given 
by the equation 
(atb+e) VE+7 +o 
V7 (atb+c)*(E* +9? + &) —4(bc& + can? + abl?) 
Hence if a+4+c=0, 5=90°; or there may be inscribed in the 
conic an infinity of triangles having each of their sides equal to90°. 
It is worth while, in connexion with the subject, and for the 
sake of a remark to which they give rise, to reproduce in a short 
compass some results long ago obtained by Jacobi and Richelot. 
The following are Jacobi’s formule for the chords of a circle, 
subjected to the condition of touching another circle ; viz. if in 
the figure we put 


cos 6= 


CP=K 
pr 
Cce=a 
4 ACP=2¢ 
Z A'CP=2¢’. 


Then it is clear from geometrical considerations that 


ab _ apt 
MA MA’ 


We have 
MA’=cA2—cM’ =a?+ R2+ 2aR cos 26 —r? 
= (a+ R)?—7r?—4aR sin? d 
= { (a+ R)?—r*}(1—A? sin 26), 
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or 
Poy Pe Soa 
V1—Rsin®h = 1—k? sin?” 

where 

jou eR 

(a+ R)?—?r? 
Whence also 
a. (ha) 
~ (R+a)?—r?" 


It will be convenient for comparison with the formule of 
Richelot to write 4 ACQ=2y; this gives 


Wp=T7—2d. 
And the differential equation is 
A Na i : 
Va? + R?—r2—2aRcosty Va? + R2—r?—2aRcos2y"’ 
i, e. 
dp a Lb lh Re 
Vm—ncos2y Wm—ncos 2" 
Or if 
tan yw=g tan 0, 
1—g? tan? 0 
Sed eek Tee 
a __ (m—n) cos* 6+ (m+ n)g*sin?6 
<a cos? 6 +g? sin? 6 
ni) m—n 
cos? 9+ ~— sin? @ 
m+n 
g_ m—n 
bo= m+n’ 
is m—n 
1— = sin? 0 
m + 
V7 
dbp= a" 2 
1— — sin? 
m+n 
and 
ip a0 


’ 


v'm—n cos eye m+n ~ sin*@ 


1- 2n 
m 
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a. @. 
dp ee ae 
Vm—neos2y~  VWm+n V¥1—K* sin?’ 
where k?= - 2n has the same value as before. Hence the rela- 
tion between 9, @! is 


dé ay dé' 
V1—esn?@ VY 1—F sin? 0” 
which is identical with that between ¢ and ¢'; and in fact the 
equation between @, ¢ is 
1 
tan tan d= yr 
which, if 6=amw, gives @=am(K—u). 

The differential equation contains only a single arbitrary para- 
meter; hence the same differential equation might have been 
obtained from different values of a, R, the parameters which 
determine the circle enveloped by the moveable chord. The 

! 


condition for this of course is aT te ee 


a?+R?—r7? _ al + R?—r? 
174A Ro 
i. e. (aa! — R®) (a—a’) —R (a'r? —ar'?) =0, 


which implies that the enveloped circles intersect the other circle 
in the same two points, or that all the circles have a common 
chord. 

Suppose for ~=0, y'=8, then it is easy to see geometrically 
that 

ae te 
tan 6 = Laas Sa 

Let the corresponding value of 6! be 6'=a, i. e. suppose that for 
@=0, we have @’=a, then 
(B-a)?=r? (R—a)*—7* 


ee 
tan* a= (R—a)?—r? 2 , 
f R OF 48 
ses tan? a= Llane : -; 


= 
or, what is the same thing, 
Ra 
seca = —+-—. 
Fa 


And @ having this value, we have for the finite relation between @, @’, 
FO'= FO + Fa. 
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Richelot has shown, by precisely similar reasoning, that for 
circles of the sphere we have 
ayy 
V cos*r— (cos Reosa+sin Rsinacos2y)? 
a ayy 
~ Wcos*r—(cos Reosa+ sin Rsinacos 2p’)? 
which is of the form 
ayy be dy! 

V1—(A+poos2p)? V1—(A+ pcos 2)” 

where 


r= 298 Reos a 
cos r 
_ snRsna 
cones 

And it is very important to remark, that this equation contains 
the two parameters A, w, so that the same equation cannot be 
obtained with any new values of the parameters a, 7; or the 
formulze in plano tor three or more circles do not apply to circles 
of the sphere: the geometrical reason for this is as follows, viz. 
in the plane a circle is a conic passing through two fixed points 
(the circular points at o), and consequently any number of 
circles having a common chord are in fact to be considered as 
conics, each of which passes through the same four points. But 
circles of the sphere are not spherical conics passing through two 
fixed points, but are merely spherical conics having a double con- 
tact with an imaginary spherical conic (viz. the curve of intersec- 
tion of the sphere with a sphere radius zero) ; hence circles of 
the sphere having a common spherical chord are not spherical 
conics passing through the same four points. I am not sure 
whether this remark as to the ground of the distinction between 
the theory of circles in plano and that of circles on the sphere has 
been explicitly made in any of the treatises on spherical geometry. 

To reduce the equation, write 


tan y= 1—Q+¥#) tang ; 
| 1-A—pz) 
then after a simple reduction, 
suNdife = a ——— sin?@ 
VI=(+peos2p? yaa fa (sw 4 Para 
MOAN TNA etic 


Or the relation between the two values of @ is 
dé ™ dé! . 
V¥1—sin?@ V1—k* sin?” 
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where 
Fr ND ke Bet 
te SD neh 
4. e. 
tan R ‘ sin a 
ahve tanz cos Rsinr 


— es sina )\- ‘4 
tanr cos Rsinr 
Suppose that for y~=0, yw! = 8, it is easy to see that 
op sin? (R—a)— sin? 
ee cos? R sin? r 


Let the corresponding value of 6’ be 6'=za, i. e. suppose that 
for 9=0, we have 6!=a, then 


1028 (R+a) ; 
etenk cost sin? (R—a) rs sin? 7 
1098 (R—a) cos? R sin? r 
cos r 
__ cosr—cos(R+a) cos? r— cos? (R—a) 
~ cosr—cos(R—a) cos? Rsin?r 


= (cos r— cos (R+<) ) (cos r+ cos (R—a) ) 
cos? R sin? r 

_ (cosr+ sin R sin a)?— cos? R cos? a 

a 2) AO, Soe gn Aer on Ap iy 


(cos 7 sin R + sin a)?— cos? R sin? x 


cos? R sin? 7 : 
7 e 
pare: Petey (=a R 4) sin a \— 
~ \tanr © cosRsinr ? 
whence 


(ae sin a ) 
RECA — -+- ——.——_ ].. 


tan7y cos Ksmr 
And « having this value, the finite relation between 0, 6! is 
FO'=F6 + Fa. 


By comparing with the corresponding formula in plano, we 
arrive at Richelot’s conclusion, that the formule for the sphere 
may be deduced from those in plano by writing in the place of 


Ra the functions toy amg espectivel 
ee : SS ctively. 
rp? tanr’ cosRsinr’? y 


2 Stone Buildings, 
October 1, 1856. 
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III. Note on Foucault’s Gyroscope. By M. J. Bertranp*. 


HE ingenious apparatus to which M. Léon Foucault has 
given the name of gyroscope, is now well known to all 
philosophers. There is no necessity, therefore, for me here to 
redescribe the same; it will be sufficient to recall to mind that, 
essentially, it consists of a solid of revolution turning rapidly 
around its axis of figure at the same time that the latter is 
obliged, by the nature of the system, to remain in a plane fixed 
with respect to the earth. The movement of the axis of the 
gyroscope in this plane, however, is perfectly free. 

The explanation, almost intuitive, of the observed phenomena 
is to be sought in the principles discovered by Poinsot, and the 
following note is but a corollary to the admirable memoir written 
by this celebrated geometer twenty years ago, and published 
entire in the 16th volume of the first series of Liouville’s Journal. 

It is well known that Pomsot regards each molecule of a 
moving body as animated by a force equal to the product of its 
mass into its velocity. All the forces which at a given moment 
animate the molecules of a moving solid body, may be composed 
by the rules of statics, and reduced to a force and a couple; if 
the solid body is free, and not solicited by any exterior force, 
this resultant force and couple are invariable. But if the influ- 
ence of exterior forces is superadded to that of inertia, the 
system of forces which animate the pody at the expiration of an 
infinitely small interval of time dt, may be considered as com- 
posed of two others; first, the system of finite forces which 
animated the body at the commencement of the interval under 
consideration ; and secondly, the system of exterior forces which 
have acted on the body, each multiplied by the magnitude i of 
that interval. 

This fundamental principle conducted Poimsot to his most 
elegant theorems, and as will be seen, it suffices for the complete 
explanation of the phenomena discovered by Foucault. 

We shall suppose the apparatus to be so disposed that the 
axis of rotation, which is the axis of symmetry of the rotating 
bedy, is compelled to remain in a plane P, fixed in relation to 
the earth. Let o be the centre of the instrument, conceived as 
fixed, and let us examine solely the motion of the system 
around this point, reducing, consequently, all the forces to the 
couples which they produce. 

Let oA be the actual position of the axis of rotation in the 
plane P, and ol the parallel to the earth’s axis drawn through 
the point o. 


* From the Journal de Mathématiques pures et appliqués, 2nd series, 
vol. i. p. 379. 
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In order that the axis oA may remain apparently at rest in 
the plane P, it must in reality turn round oI with a velocity 
equal to that of the earth, and in twenty-four hours describe a 
cone of revolution. Let oA! be a position upon this cone infi- 
nitely close to oA. The couple which animates the gyroscope 
turning, during the first instant, around oA, has its axis directed 
along this line, and equal to the product of the moment of iner- 
tia into the angular velocity m. In order that this axis, which 
we will represent by oG, may, during the following instant, 
become oG’! (directed along oA’), the system, during the infi- 
nitely small period dt, must have been solicited by a couple 
directed along GG’, and having an intensity represented by 

GG! 

dt © 
Now the only action directly experienced by the instrument is 
the reaction of the fixed plane P ; this reaction can only produce 
forces perpendicular to the plane, and, consequently, a couple 
with its axis situated in this plane. The line GG’, therefore, 
must be parallel to the plane P, and for this reason P must be a 
tangent plane to the cone, and hence perpendicular to the plane. 
We have then this first theorem :— 

The axis of the gyroscope being compelled to remain in a plane 
P, it cannot remain in equilibrium unless it coincides with the 
projection of the parallel to the earth’s axis upon the fixed plane. 

When this comcidence does not exist at the commencement, 
relative equilibrium is impossible, and the instrument is set in 
oscillation, the laws of which we must calculate. 

We may at once remark, that, whatever may be the initial 
position oA of the axis, it is allowable to apply to the instru- 
ment two equal and contrary couples, one of which would, alone, 
retain the axis in a state of apparent repose without changing 
the velocity of rotation. Now, according to the demonstration 
of the preceding theorem, the axis of this couple is perpendicular 
to the plane IoA, and its moment is easily seen to be 

ww, sin IoA ; 


where pu is the moment of inertia of the gyroscope, o the velo- 
city of the earth’s rotation, and @, the angular velocity of the 
instrument. But, inasmuch as this couple maintains the axis 
of the gyroscope in apparent repose, it is the equal and contrary 
couple which causes the instrument to move, 

The latter is decomposable into two others: the one whose 
axis is in the plane P will be destroyed; the other, having its 
axis perpendicular to P, is alone efficacious, and is represented 


Aj pow, sin loA cos (P; ‘ToA) 5 
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where (P, IoA) designates the dihedral angle formed by the 
plane P and the plane IoA. Now in the solid angle formed by 
the three planes P, IoA, and IoH, perpendicular to P, we have 


‘ sin IoA. cos (P, IoA) =cos IoH . sin AoH ; 


and as the angle IoH is constant, we see that the accelerating 
couple is proportional to the sine of the deflection of the axis 
from its position of equilibrium. Hence the law of the oscilla- 
tions is that of the simple pendulum, and their duration is pro- 
portional to the square root of the cosine of the angle formed 
by the earth’s axis and the plane P. 

Such is the simple explanation of the observed phenomena. 
I ought to observe, however, that after having found the expres- 
sion for the couple which moves the instrument, it is still neces- 
sary to explain why the velocity acquired tends to sustain itself ; 
for, properly speaking, there is here no inertia as in the case of 
a material point. We know, in fact, that the axis oA having a 
motion in the fixed plane, the instrument does not turn precisely 
around oA, but around an axis making a small angle with the 
same, and situated in a plane through oA perpendicular to P. 
This axis not being a principal axis of inertia, tends to displace 
itself, and describe a small cone; but in order to describe this 
cone, it would be necessary for it to traverse the fixed plane, 
which, on its part, resists and produces a couple, whose effect is 
to raise the axis again, and to sustain, purely and simply, its 
velocity tangential to the plane P, which latter is increased by 
the accelerating couple above calculated. 

I may add, lastly, that the small angle formed by the axis of 
the gyroscope, and the veritable axis of rotation having been 
neglected, the formulas found are but approximative, and con- 
sequently do not coincide with the vigorous results obtained by 
the elaborate, but much more difficult method of Bouz. 


IV. On the Anticlinal Line of the London and Hampshire 
Basins. By P. J. Marvin, Esq. 
[Continued from vol. xii. p. 452.] 
EFORE we leave the great expanse of tertiary drift between 
the South Downs and the Sussex coast, it will be well to 
turn our attention again to the nature of its principal ingredient, 
and to consider the great significance of its presence there. 
Loam is not an original production, nor is it a common alluvium 
like the mud silt or sediment of quiet waters, ancient or modern. 
It is a mixture of sand and clay produced by water in brisk agi- 
tation ; and when clay predominates in the mixture, it is the 
“brick-earth ” of geologists. Neither in the form of loam in 
Phil. Mag. 8. 4. Vol. 13. No. 83. Jan. 1857. D 
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its more sandy state, or mixed up more or less with angular 
flints, or as brick-earth clay, has it any of the characteristics of 
a quiet deposit,—littoral, marine, or lacustrine. It has seldom 
even the rude multitudinous stratification of more sandy drift. It 
does not contain any organic remains proper to itself, but now and 
then only a few broken shells, or perhaps occasionally an entire 
one derived from the materials of the stratified beds from which 
it was formed ; it is, as I say, neither of marine, nor lacustrine, 
nor estuary origin, but essentially diluvial. 

I have already spoken of the manufacture of loam. The ex- 
pression is not misapplied, for this sort of drift is the handiwork 
of a powerful and active agency. The question then naturally 
arises, of what was the source of the materials of so many loams 
and beds of brick-earth in the district we are reviewing? The 
answer is not difficult. The materials of the stratified tertiaries 
once covering the outlying chalk, to say nothing of those which 
were spread over the chalk of the adjoining downs, were exactly 
the materials fitted to form these loams and brick-clays. The 
segregation of the latter here and there into beds of a choicer kind, 
and the admixture of fewer flints, as may be seen near Shopwick 
and Hampnet at Siddlesham, and at Fishbourne brick-yards, 
supposes nothing more than the existence of breaks in the banks 
of flint and gravel, or of depressions in the subjacent stratified 
beds, excavated like the hollows in the sand countries below the 
chalk, filled up with the slush and turbid waters of the floods, 
as the sand hollows have been with sand and rubble. 

Boulder drift.—Returning again to the coast-line at Selsey, 
we have yet to assign its proper place to this deposit. For the 
present it will be best to speak of it as part of a zone external to 
that which I have described as tertiary or supracretaceous*. 
The corresponding parts of this zone are to be found in the yal- 
ley of the Thames}; connected with this on the south coast, or 
in what may be called the Valley of the Solent, by fragmentary 
remains which may yet be found with the relics of the tertiaries 
on the Hampshire and Wiltshire chalk. Some of the blocks of 
stone at Stonehenge are not properly greywethers sandstones ; 
they are crystalline, and could never have been derived from any 
other source than the erratics of this zone. Professor Ramsay 
informs me that the inner circles of stone at Stonehenge are of 
greenstone, and the altar stone is a felspathic trap. This valu- 
able information is corroborated by reference to an interesting 
paper from the pen of the Rev. W. D. Conybeare, published in 
the Gentleman’s Magazine for November 1833. Mr. Conybeare 
does not speak of the altar stone. And there being no better way 


* Phil. Mag. vol. ii. S. 4. p. 285. 
+ Lyell’s ‘ Manual of Geology,’ p. 132, 5th edit. 
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of accounting for the presence of stones so foreign to the country 
as these obelisks of greenstone, he falls into the humour of the 
archzologists and believes them to have been transported from 
Ireland*. The historians and ethnologists who have better 
studied, in its broad extent, the prevalence of stone-pillar wor- 
ship in the rude times of Abury and Stonehenge, will be better 
able to weigh the evidence of the means of transport enjoyed by 
the Britons of those days, than the zealous men who gave their 
assistance to the Stukeleys, and Hoares and Cunningtons of the 
past century. For a knowledge of the above-mentioned paper of 
Mr. Conybeare I am also indebted to Professor Ramsay. 

I have little doubt that an attentive examination of what have 
hitherto passed as greywethers on the Berkshire, Hampshire, and 
Wiltshire Hills, and the many which are used for fences and 
landmarks and other ceconomic purposes in the Vale of Pewsey 
and other parts of the chalk country, would bring to light many 
other testimonials of the former existence there of the “ northern 
drift.’ The same may be said, perhaps, of the Hampshire and 
Dorset coasts, and of the Chesil Bank. The manner in which — 
the occurrence of this zone of drift bears on the general question 
of dislocation and denudation will be seen presently. 


We are now in a position to understand the true geological 
relations of the country we have had under review, and to con- 
sider it as a sectional part of the great anticlinal to which it pro- 
perly belongs. We see in it, in conjunction with other parts of 
the same area, fragmentary records of three great geological 
epochs posterior to the chalk. 

The jirst involves considerations of the deposit and area of the 
tertiary formations. 

The second the “ glacial period.” Both these are anterior to 
the rise of the great anticlinal. 

The third commences with this upburst of the older strata, and 
is the diluvial epoch :—in which I find the parentage of that he- 
terogeneous and much-abused mass into which everyone throws 
the materials which he cannot otherwise conveniently dispose 


of—the post-pliocene, and the great undefined universality— 
Drift. 


Tertiary Epoch and Area. 
When I began to speculate on these matters, one of my first 


and earliest efforts was directed to disabuse the public mind of 
the notion, adopted from the French geologists, of the formation 


* Mr. Conybeare had not then heard of a “glacial period,’’ and the 
transport into this part of the world by icebergs. 
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of these tertiaries in the so-called London and Hamsphire basins 
as areas of deposit*. It is not necessary to go over the grounds 
for the proof of that which has long been admitted. It is well 
known that Sir Charles Lyell long maintained a theory of the 
rise and denudation of the Weald, on the like notion of the gra- 
dual removal of the materials into the basins or synclinals on 
either side. This is now withdrawn and another substitutedt, 
which the author allows to be provisional and tentative, in part 
at least. 

In the early essay to which I refer, I showed that the Weald 
Valley had no existence during the deposit of the tertiaries, and 
that consequently the area of these deposits was much greater than 
the synclinals in which they are now found. What was the full 
extent of that area it is not now necessary to inquire. There are 
good grounds for believing that it extended over all that is now 
the south-east part of England, and also over a large part of the 
adjoining continent. We “know, too, that it must have been di- 
versified with sea and dry land. Dry land could not have been 
far distant when the flora of Sheppey was produced. And the 
same may be predicated of the copious supply of fossil wood, the 
ophidians, and the numerous mollusca of Bracklesham of a later 
date. Be this as it may, a change comes over the scene ;—we 
part with the pleasant climate of one, and the happy fauna of the 
other ; the mountainous parts of Britain are covered with gla- 
ciers ; the south-eastern part of England and great part of the 
north of Europe are occupied by an arctic ocean, and the glacial 
period is established}. 

The arguments used to prove that the Weald excavation could 
not have been in existence when the tertiaries on each side of it 
were deposited, are equally potent in proof of the non-existence 
of the same excavation anterior to the glacial period. A slight 
examination of the phenomena of surface arrangement and of 
levels will determine these points, and show that the deposit of 
the boulder drift was anterior to the date of the Weald Valley. 

The Arun, the river nearest Selsey on the Sussex coast, is a 
tidal river up to Pulborough, fifteen miles inland. By the pro- 
file of the country here given, we see that the boulder drift 
lies at Selsey high above the sea-level§. Without being over 
nice in detail, we are pretty well assured that if the water on the 
coast always stood at high tide, the levels at Pulborough, and 
hundreds of square miles beside, would be constantly flooded. 

It is obvious, therefore, that the glacial sea which deposited 


* A Geological Memoir on Western Sussex, &c., 1828. 

+ Manual, p. 272 et seq. 

{ Manuals and Systems of Geology and Geological Journals, passim. 
§ Selsey is 26 feet above the sea. 
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the boulders at Selsey must have occupied the Weald, and left 


a4 a 
Sa Bw 
+ = s 
S.W. : zz eS NE 

> DA Eo 

2 a 42 

B AS z 
Sea- gid juke Sa ae a. 
leyel. <a ee 


traces of its presence, as it has done in the valley of the Thames 
and on the coast of Sussex, if the Weald had been in existence. 
The case is still stronger taking the levels of the Highgate Hills, 
or the site of Stonehenge and Salisbury Plain: unless, indeed, 
it be insisted on, that the coast-line has sunk whilst the inner 
country has risen, or vice versd; or that the boulders which once 
covered the Weald have melted away by atmospheric erosion,— 
both propositions too bold even for the most plastic schemes of 
modern geology. With the help, then, of the boulder drift we 
are brought to the conclusion that the upburst of the Wealden 
and the rise of the whole anticlinal were posterior to the era of 
the northern drift, and the transport by icebergs in this part of 
the world. 

Under what circumstances we parted with the climate of the 
glacial period we need not now inquire. The tertiary deposits 
were still persistent on the chalk, and the boulder drift over all. 
Whether we had here an archipelago or an open ocean, a disloca- 
tion takes place, whether subaérial or subaqueous, or partly both, 
is Immaterial; the anticlinal line about which so much has been 
said suddenly rises, the two great synclinals on either side are 
brought into existence, and we have the commencement of the— 


Diluvial Epoch. 


My exposition of the evidence in favour of the violent excava- 
tion of the Weald by the joint operation of earthquake and dilu- 
vial currents is already in print, and it is unnecessary to repro- 
duce the proofs in this place: I shall briefly make allusion to 
some of the points. 

Mr. Hopkins has given us to understand, that the first up- 
burst of the Wealden strata at least had a character of totality. 
And he adduces proofs from mathematical and mechanical prin- 
ciples, of a unity and synchronism in the fissures, both longitu- 
dinal and transverse, which he has traced out there. In the 
map which accompanies Mr. Hopkins’s memoir on this subject 
(Trans. of Geol. Soc. vol. vii.), he has erroneously drawn an 
imaginary line of demarcation round what he calls the “ disturbed 
district,” although I had already shown that the same phenomena 
of dislocation and disturbance had been continued on westward 
of that line, or in other words, west of the Alton Hills. Mr. 
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Hopkins has not himself drawn any erroneous conclusions from 
this mistake, but others have*. 

The conclusions this gentleman drew from his mechanical 
theory of fissure I had already arrived at from surface pheno- 
mena,—the arrangements of longitudinal and transverse valleys, 
the watershed and drainage. 

On both of his expositions of the theory of the Weald denu- 
dation, Sir C. Lyell has given me credit for pointing out the 
opposing river gorges in the chalk as indicative of the direct ex- 
tension of the lines of fissure on which these gorges were formed 
directly from side to side. I never laid much stress on this 
point; but when I drew attention to it, I was not aware that an 
instance of this kind existed in its original integrity. It is the 
more valuable, because it occurs in the westernmost part of the 
anticlinal, and may be considered as the very experimentum crucis 
of this theory of transverse drainage. 

The drainage of the Vale of Pewsey is brought to its lower 
end to form the Wiltshire Avon. The Avon here entersa chalk 
gorge, traverses the whole breadth of Salisbury Plains in a direct 
line, through a series of little valleys which could only have ori- 
ginated in a transverse fissure, passes by Salisbury, enters the 
tertiary country, and then runs direct to Christchurch. This 
line of drainage is beautifully laid down in Mr. Greenough’s map. 

Coming nearer home, the most perfect example of drainage by 
transverse fissure, in a direct line through all the tough and 
stony strata of the Weald, is afforded by the Arun. This river 
takes its rise by two sources, one on each side of Horsham Forest. 
These unite about a mile west of the town of Horsham, and the 
united stream takes its course westward along the very centre of 
the axis of the Weald till it reaches Rudgwick. It then turns 
suddenly southward and runs im a direct line to Arundel Haven, 
traversing transversely, as before said, all the courses of the 
Wealden, the greensand, and the chalk, m a course of twenty 
miles. 


Removal of Materials. 


The Royal Society is said to be now engaged in an inquiry 
into the force and motive power of earthquake-waves. Till we 
derive more certain information from that source, we must be 
content with some proximate data of the power of aqueous cur- 
rents over solid materials afforded by the information occasionally 
drifted in from various sources ;—such as the great débdcle of the 
Drance which occurred a few years ago, the Moray floods, the 
earthquake-waves of the coast of Chili, of Scilla in Calabria, and 


* We may suppose that Mr. Hopkins meant the line of demarcation 
only as the boundary of the country he had himself explored. 
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of what have lately occurred in Japan. 'To those who may doubt 
of the power of aqueous currents forcibly and suddenly to remove 
the solid materials we know to have been lost from the Weald, 
I submit these considerations. It may be difficult to conceive a 
motive power in running water equal to the removal of great 
rock-masses without the help of ice, like the boulder, for instance, 
mentioned by Mr. Godwin Austen, lying on the coast at Pagham 
near Selsey, computed to weigh thirty tons. No earthquake- 
wave would float, and none perhaps propel such a mass. But if 
the bed on which the boulder lay was moved, that would move 
also. Smeaton the engineer, in his autobiography, tells us that 
he was employed to build a bridge on one of our northern rivers 
(I quote from memory),—I think it was either the Wear or the 
Tyne,—where no bridge had hitherto been able to withstand the 
floods. Smeaton built his bridge, as he supposed, of sufficient 
strength to withstand any flood to which it could be subjected. 
It happened soon after that a contingency of rapid thaw and rain 
produced a flood equal, if not superior, to all former precedent. 
The engineer was on the spot to watch its effect, and had the 
mortification to see his bridge swept away before his face. But 
this eminent man found consolation in the assurance by proof, 
after the water had subsided, that his bridge was not broken 
down, but that the bed of the river was actually scooped out and 
the whole carried away together. 

It is with these considerations in his mind I recommend the 
geologist to examine the lacerated escarpments of the Weald, to 
study the entrances to the stone-quarries of Boughton or Maid- 
stone, to examine the combs of Hascomb, of Henly Hill, or the 
transverse gorges of the rivulets which traverse the greensand 
escarpments, and he will see how such masses have been torn 
away, or are now lying as if torn away and prepared for removal. 
The question here is not,—Were not these materials capable of 
removal by gradual sea-board erosion? The question is,—Were 
they so removed? With such signs of violent disruption around 
us, a reply in the affirmative is impossible. 


[To be continued. | 


VI. On the Action of Nitric Acid on Alcohol at common Tempe- 
ratures.—Second Memoir. By Dr. H. Dusus*. 


is the November Number of the Philosophical Magazine I 

described the preparation of a peculiar aldehyde produced 
along with glyoxylic acid by the action of mitric acid on alcohol. 
After the action had ceased, the still acid liquid was evaporated 


* Communicated by the Author. 
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on the water-bath to the consistency of a thick syrup. This 
residue consisted of glycolic, glyoxylic, and oxalic acids, and of 
a member of the same class of compounds to which the aldehyde 
of acetic acid belongs. It was dissolved in water and neutralized 
with carbonate of lime. On addition of alcohol, the glycolate 
and glyoxylate of lime precipitated almost entirely, whilst the 
aldehyde remained in solution. The filtrate from this precipitate 
was evaported on the water-bath; the aldehyde remained as a 
thick syrup of a slight brown colour. It was soluble in ether, 
except a small quantity of brown resinous matter. The etherial 
solution left, after filtration and distillation at 100° C., a solid, 
transparent, and amorphous substance of a slight yellow colour. 
This residue consisted almost entirely of the aldehyde of gly- 
oxylic acid; I propose to call it Glyowal, C? H*O®*. It is iso- 
meric with glycolic acid, and bears the same relation to glyoxylic 
acid as the aldehyde C* H*0O to acetic acid. 

The strong aqueous solution of this substance was mixed with 
five or six times its bulk of a concentrated solution of bisulphite 
of soda. After about three hours’ standing, a large quantity of 
crystals formed around the sides of the bottle in which the mix- 
ture was kept. 

These crystals were dissolved in as little boiling water as pos- 
sible, and the clear liquid allowed to cool gradually. Prismatic 
erystals of a compound of 


Glyoxal with bisulphite of soda, 2(Na HO . SO?), C? H* 03, 


were obtained. From the mother-liquor, on addition of alcohol, 
another quantity of the same substance precipitated, which, 
if not quite pure, was recrystallized in the same manner. This 
compound forms white and hard crystals, easily soluble in 
water, but almost imsoluble in alcohol. The aqueous solution 
turns slightly yellow on continued boiling ; it precipitates ace- 
tate of lead and chloride of barium. Hydrochloric and diluted 
sulphuric acids decompose it very slowly, generating sulphurous 
acid. Nitric acid oxidizes very rapidly the bisulphite of soda 
into bisulphate, and the glyoxal into oxalic acid. 

Analysis gave the following results :— 

I. 0°625 grm., burnt with chromate of lead, gave 0°1935 grm. 
carbonic acid and 0°122 grm. water. 

0°622 grm. gave 0°311 grm, sulphate of soda. 

II. 0°8825 grm. gave 0°2735 grm. carbonic acid and 0°1730 
grm. water. 

0°478 grm. gave 0°237 grm. sulphate of soda. 

0°729 grm., oxidized with a mixture of chlorate of potash and 


PC 12) 1-016; 
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hydrochloric acid, and the sulphuric acid precipitated by chloride 
of barium, gave 1-204 grm. sulphate of baryta. 
The substance employed was dried in vacuo. In 100 parts,— 


I. Il. 
Carbon . . . . 844 8:44. 
Hydrogen . . . 2:16 2°17 


Sodium ei 4s 6 7 16:09 16°04. 
Dagecit Gents & pees aif 
Sulphurous acid .  ... 45°40 
These numbers lead to the formula 
2(Na HO, SO?), C? H* O*, 
according to which the substance ought to contain— 


RIT as ihn fice, “An Be 24 8°45 
Hydrogen sft call 6 2°11 
SILT ending penal tie eta 46 16°19 
329 a Eo aa a 80 28°16 
Sulphurous acid 2 , 128 45-09 

284 100-00 


I have to thank Prof. von Liebig for kindly permitting me to 
execute the above analytical determinations in his laboratory, 
whilst I was staying in Germany during last midsummer vacation. 

From the compound 2(Na HO, SO?), C? H* 0%, the glyoxal 
cannot be separated by addition of carbonate of soda, so as to 
neutralize the sulphurous acid completely. Even if not sufficient 
carbonate of soda is added, and the 2(Na HO, SO”), C? H4 03 is 
left in excess, the liquid turns dark brown, which colour increases 
on application of heat, and gradually a dark precipitate falls down. 
The reason of this is, apparently, the formation of a new kind of 
sulphur compound from the glyoxal. The latter by itself alone 
is altered in a very different manner by contact with alkaline 
substances, as I shall show presently. 

Glyoxal with bisulphite of ammonia, C* H? (NH*)? 03, 2802. 

A strong solution of bisulphite of ammonia mixed with glyoxal 
deposits very soon a large quantity of beautiful crystals of the 
above compound ; at the same time a considerable evolution of 
heat takes place. One or two crystallizations from boiling water 
are sufficient for its purification. In effecting this object, if the 
boiling is continued too long, the solution acquires a yellow 
colour, and the compound is partly decomposed. 

It crystallizes in prisms of great lustre, which dissolve easily 
in water, but are almost entirely insoluble in alcohol. The 
aqueous solution is precipitated by acetate of lead, but not by 
salts of copper, zine, or silver. 

* S$=32, 
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Analysis gave the following results :— 

I. 0°799 grm., dried in vacuo and burnt with chromate of lead, 
gave 0°297 grm. carbonic acid and 0°326 grm. water. 

II. 0:56 grm., burnt with chromate of lead, gave 0°202 grm. 
carbonic acid and 0:226 grm. water. 

0°739 grm., boiled with a mixture of chlorate of potash and 
hydrochloric acid, gave 1-42 grm. of sulphate of baryta. 

In 100 parts,— 


I. Il. 
POTDGM ee) a tee soa ge LO ds 9°83 
TEENS na ele 4°48 
Oxygen A pas nas 
Nitrogen = as emi ae 
Sulphurous acid . «ase 52°38 


From these numbers I can only calculate the formula 
CO? H? (NH*)? 08, 2802, 


which requires,— 


Carbon Ca | 24 10:0 

Biydroweny. 8 ost gaef LO 10 4°20 

Oven: -peyisihenie tae 48 ves 

INDE mel ns. rat ondiyss tive 28 ves 

Sulphurous acid 2 128 53°7 
238 


The composition of the above compound is analogous to the 

corresponding one of the aldehyde of acetic acid,— 

C? H? (NH‘)O, SO?. 
There is but this difference, that the common aldehyde contains 
only one atom of hydrogen which can be replaced by electro- 
positive or negative radicals, whilst the glyoxal contains two 
atoms of hydrogen of this character. It corresponds to the bi- 
basic acids. 

If a cold solution of chloride of barium is mixed with a con- 
centrated solution of 2(Na HO, SO?), C? H* O° in about equi- 
valent quantities, and the clear mixture is allowed to stand 
quietly for two or three days, a hard crystalline crust of a com- 
pound of 
Glyoxal with bisulphite of baryta, 2(C* H? Ba? 0%, 280?) + 7H°0, 
collects at the bottom of the basin. It can easily be purified by 
recrystallizing it once or twice from boiling water. This com- 
pound forms small white crystals, sparmgly soluble in cold, but 
easily in hot water. The aqueous solution becomes turbid on 
continued boiling, and smells a little ike sulphurous acid. The 
solid compound, heated on platinum foil, turns black, emits sul- 


on Alcohol at common Temperatures. 43 


phurous acid, burns, and is converted into white sulphate of 
baryta. 

The analysis of this compound gave the following results :— 

I. 0°787 grm., burnt with chromate of lead, gave 0°177 grm. 
carbonic acid and 0°160 grm. water. 

0:379 grm., dissolved in water and precipitated with sulphuric 
acid, gave 0°219 grm. of sulphate of baryta. 

0:340 grm., oxidized with a mixture of chlorate of potash and 
hydrochloric acid, and the sulphuric acid precipitated by chloride 
of barium, gave 0°390 grm. of sulphate of baryta. 

II. 0°705 grm., burnt with chromate of lead, gave 0°158 grm. 
carbonic acid and 0°139 grm. water. 

0:432 grm., burnt in a crucible, moistened with sulphuric 
acid, left, after the excess of the latter had been expelled by ap- 
plication of heat, 6250 grm. of sulphate of baryta. 

The substance employed was dried in vacuo, and according to 
the above determinations, contains in 100 parts,— 


iE WIE 
MOOR. 6 nds cuts Meee OAS 611 
EPEC ay career gs Sapte ee 2°19 
BAPUE sone a eg tag gict LT 33°98 
pe 1351 Wiebe ae Moped ba elie e pe 
Sulphurous acid . . . 31°53 ceo 

The formula 2(C* H® Ba? 03, 280?) +7H?O requires,— 

anisontrt 102." ek 48 5:97 
Hydroren 5)". 9:5) nds 18 2°25 
Birra M3 4 274 34:07 


Oxygen . . . .13 208 ~—25°87 
Sulphurous acid. . 4 256 31°84 
804: 100-00 

Glyoxal, C? H4 0%. 

The compound of glyoxal with bisulphite of baryta is dissolved 
in boiling water, and to this solution diluted sulphuric acid added 
as long as a precipitate of sulphate of baryta is produced. The 
filtrate from the latter contains sulphurous acid and glyoxal,— 
C? H?Ba?03, 2S0?+ H HO, SO?=C?H*40% + Ba?O SO + 280”. 


eH — 
Glyoxal. Sulphate of 
baryta. 

On evaporating at first on the water-bath and afterwards in 
vacuo, or in a stream of carbonic acid, the sulphurous acid and 
water go off, and the glyoxal remains as an amorphous, trans- 
parent, and nearly colourless substance. It absorbs moisture 
very readily from the air, and dissolves in water, alcohol, and 
ether. The aqueous solution precipitates acetate of lead very 
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slightly, but on addition of ammonia a strong white precipi- 
tate falls down. Nitrate of silver and ammonia mixed with the 
same solution precipitated, on application of heat, a very bright 
and strong coating of metallic silver on the sides of the test-tube. 

Sulphuretted bydrogen acts upon the glyoxal, and it is very 
probable that merely an interchange of sulphur and oxygen be- 
tween both substances takes place. 

Sulphuretted hydrogen does not act on the isomeric glycolic 
acid. Glycolate of lead was decomposed by sulphuretted hy- 
drogen, and after filtration the excess of the latter expelled by 
heat. The remaining acid, on being neutralized with carbonate 
of lime, gave only crystals of glycolate of lime, which did not 
contain a trace of sulphur. 

Caustic potash, lime, or baryta, convert the glyoxal into gly- 
colic acid,— 


C? H* 0? + Ca HO=C? H? CaO? + H?0. 


ae 
Glyoxal. 

A quantity of crude glyoxal was boiled with carbonate of lime. 
The latter did not dissolve, and the filtrate again furnished on 
evaporation all the glyoxal employed, with its peculiar qualities. 

Glycolic acid decomposes with the greatest facility carbonate 
of lime, producing glycolate of lime. 

Some crude glyoxal, prepared as described in the beginning 
of this paper, was mixed with slaked lime and water till a slight 
alkaline reaction became perceptible. After removing the excess 
of lime by means of carbonic acid, the filtrate furnished to the 
last drop only crystals of glycolate of lime. The precipitate of 
carbonate of lime dissolved almost entirely in carbonic acid water, 
and was on boiling again completely precipitated ; therefore no 
oxalate of lime or any other similar substance had been produced. 

A quantity of the compound of glyoxal with bisulphite of 
baryta was dissolved in boiling water, and caustic baryta added 
till the liquid became alkaline. It now contained a precipitate 
of a slight yellow colour, which proved to be only sulphite of 
baryta, (Ba’O, SO?). The filtrate from the latter was freed from 
baryta by means of diluted sulphuricacid. The acid liquid thus 
obtained gave, after neutralization with carbonate of lime, only 
crystals of glycolate of lime. The latter was recognized by the 
characteristic shape of its crystals and by the amount of water 
of crystallization. 0°370 grm., dried in vacuo, lost at 100° C. 
0-080 grm. water. Consequently 100 parts contain :— 

21°62. 
The formula 2(C* H® CaO®) + 3H?O requires 
22:1 of water of crystallization. 
The decomposition of the glyoxal-bisulphite of baryta by baryta 
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is therefore expressed by the following equation :— 
2(C? H? Ba? O?, 280) + 7H?0 +6Ba HO 


——————— 
Baryta. 
=4Ba*O S0?+9H HO +2C? H3 BaO®. 
(Ce es eae eT 
Sulphite of Glycolate of 
baryta. baryta. 


The conversion of the latter into glycolate of lime was preferred 
on account of the greater facility with which it crystallizes. 

The caustic alkalies therefore convert the glyoxal into glycolic 
acid. But if, before adding the alkaline substance, a soluble 
bisulphite has been mixed with glyoxal, a different decomposition 
takes place. The liquid turns brown, and soon a dark precipi- 
tate subsides. 

Some glyoxal was heated with potassium. No cyanide of 
potassium could be detected in the burnt mass; therefore glyoxal 
does not contain nitrogen. Since glyoxal unites with bisulphites 
of soda, ammonia, and baryta, I examined the capabilities of 
glycolic acid in this respect. Some of the latter substance, of 
about the consistency of strong syrup, was mixed with bisulphite 
of soda. No crystals were formed after one week’s standing, 
although in the case of glyoxal this took place within two or 
three hours after the preparation of the mixture. It has also been 
shown that the compound of glyoxal and bisulphite of soda turns 
brown on addition of caustic potash. On adding the latter to 
the mixture of glycolic acid and bisulphite of soda, no change in 
colour was produced. 

Crude glyoxal was dissolved in water, a little diluted nitric 
acid added, and then evaporated on the water-bath till all the 
nitric acid had been expelled. A residue of a strong acid reac- 
tion remained, which on being neutralized with chalk gave cry- 
stals of glyoxylate of lime, (C? H?CaO0*). This salt could easily 
be recognized by the shape of its crystals, and its characteristic 
behaviour with lime-water. 

CA He OF 4) NoOF = CAHOF + HO? 
uU— C—+— SSS uH— 
Glyoxal. Nitric acid. Glyoxylic acid. Nitrous acid. 

Glyoxal, prepared from its compound with bisulphite of baryta, 
furnished the same result on being heated with diluted nitric 
acid. An excess of nitric acid converts the glyoxal into oxalic 
acid,— 

C?H*0® + 2NHO® = C?H?0* + H?0+2NHO?. 
= pak ep 
Glyoxal. Nitric acid.  Oxalie acid. 

Glycolic acid dissolved in water and treated with nitric acid in 
a similar manner did not furnish any glyoxylic acid, but was 
converted partially into oxalic acid. 
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Whilst the glyoxal is oxidized easily by very diluted nitric acid, 
it requires an excess of strong acid to convert the glycolic into 
oxalic acid. 

Frequently when I employed less nitric acid in the oxidation 
of alcohol, as mentioned in my first paper on this subject, I 
obtained along with glyoxal a liquid which possessed many pro- 
perties in common with glycerine, C? H$ O°. As it is most likely 
to contain, like glyoxal, glycolic and glyoxylic acids, two atoms 
of carbon, I suppose it to be homologous with glycerine. Its 
composition would be represented by the formula C? H® O°. If 
the latter is compared with that of glyoxal, it becomes at once 
apparent that both stand in the same relation to each other as 
alcohol and common aldehyde, and that xthyle-glycerine, gly- 
oxal, and glyoxylic acid, stand to each other as alcohol, aldehyde, 
and acetic acid. 

Aleohols),. 6,0 C* BO fEthyle-glycerine = C? H® 0% 

Aldehyde . =C?H*O Glyoxalerrsic o ses CG? 

Acetic acid . =C?H*0? Glyoxylic acid . =C? H* 0+ 
Therefore the oxidation of the alcohol by nitric acid appears not 
to extend at once to the production of glyoxal and glyoxylic acid, 
but the alcohol simply absorbs oxygen, and is converted into 
another alcohol homologous with glycerme. The zthyle-glyce- 
rine would unite with more than one atom of a monobasic acid, 
and accordingly we find its aldehyde—the glyoxal—combining 
with two atoms of bisulphite of ammonia, and its acid—the gly- 
oxylie acid—bibasic or perhaps tribasic. 

Wurtz has recently produced a new alcohol which he calls 
glycol. This alcohol would stand between zthyle-glycerine and 
common alcohol (C? H®O), and it is not improbable that it is 
produced by the first action of nitric acid on common alcohol. 
If so, the oxidation of the latter would proceed thus :— 


C?H60 + O = C?HS0? 


u~—4 ———— 

Alcohol. Glycol. 

CHF? OU = 07 eos 

~~ UY 

Glycol. /Eithyle-glycerine. 

C? H®O? + O = C?H*0? + H?0 

eee ey ee) (Auer y 
AEthyle-glycerine. Glyoxal. Water. 

CA? OF On) 7 BAO? 

Glyoxal. Glyoxylie acid. 


ee ee O2 i (92 hae EA) 
UH SY Ss 
Glyoxylie acid. Oxalie acid, Water. 
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Glycolic acid would stand in the same relation to glycol, 
C? H® 0%, as glyoxylic acid to zthyle-glycerine, or acetic acid to 
common alcohol :— 


Alcohol | +} - C2? @."\Glyeoly 1. pep C2 0? 
Acetic acid C? H*O? | Glycolic acid C? H*0# 
AXthyle-glycerine C? H® 0? 
Glyoxylic acid . C?H*0* 
Glycerine, C® H® 0%, should be produced from propylic 


alcohol as ethyle-glycerine is formed from common alcohol ; 
and the glycerine should yield with nitric acid an aldehyde, 
C? H® 0%, and an acid, C? H® 04, homologous with glyoxal and 
glyoxylic acid. The results of my experiments on this point 
and on the other substances formed by the action of nitric acid 
on common alcohol, C? H®O, will be communicated in a future 
Number of this Magazine. 

Tartaric, citric, and malic acids, which occur frequently in 
nature, accompany each other so often, that from this fact alone 
one would suppose some similarity in their constitution. I have 
shown on another occasion, that if glyoxylie and tartaric acids 
are regarded as bibasic, their radicals are polymeric. Thus— 


C? H? O?..O | Glyoxylic C4 H*0*.0) Tartaric 
WHO acid, HA @ acid, 
or C? H?0?, added to the formula of glyoxylic acid, would give 
that of tartaric acid,— 
Glyoxylic acid . . C?H*0* 
Tartarioacid. . . C*H*O® 
Other connexions have also been pointed out between these 


two acids. The same difference in composition shows itself 
between glycolic, malic, and citric acids :— 


Difference. 


| da 


Difference. 
Glycolic acid . . C?H*0° C2 H202 
Maliciacid)jtpsa5 + vy) Ct BE OO C2 H202 


Citric acid . . . C&H8O7 


Or if we adopt for the radical C? H? O? the symbol (Gly), we 
get,— 
(Gly) HHO = Glycolic acid, 
(Gly)? HHO = Malic acid, 
(Gly)? HHO = Citric acid, 
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= (Gly) « 1 bGlyoxylie acid, 
HH .O 


(Gly)? © | Tartatie acid, 
HH .O 


(Gly)?.O 

HH .O 
in the same way as carboxyle, oxalyle, &c. enter the type water, 
viz.— CO = Carboxyle, 

(CO). HH .O = Formic acid, 

(C? H*) . HH .O = Alcohol, 


? 


CO .O = Carbonic acid, 

HH.O 

(CO)?.O = Oxalic acid, 
HH.O 

(CO)°. 2 = Mesoxalic acid, 

Ber: O 

(C? H*). ate = Glycol. 

pee 2 


Glycolic acid which contains (Gly) is monobasic, malic acid 
with (Gly)? is bibasic, and citric acid containing (Gly)? is tribasic. 

The decompositions of glycolic, malic, and citric acids agree 
with the above view. On application of heat the following 
changes take place :— 


(Gly)? HHO— HHO = (Gly)? = C* HS 06 
oY 


Citric acid. Aconitie acid. 
(Gly)? HHO—HHO= (Gly)? = C+ H*04 
ee Vw 

Malice acid. Maleic acid. 
(Gly) HHO—HHO = (Gly) = C2 H202 
Se) 

Glycolic acid. Glycolid. 


It is interesting to notice that these acids, on the loss of HHO, 
do not diminish in their basicity ; aconitic acid is still tribasic, 
maleic acid bibasic ; and although it is not established by expe- 
riment, it is highly probable that glycolid is still monobasic. 

CS H®O® — CO? = C*H®04 
a) —— 
Aconitic acid. Itaconic acid. 
C*H40* — CO? = C®H40?2 
ee een iy, 

Maleic acid. Laetid. 
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The conversion of maleic acid into carbonic acid and lactid has 
not yet been realized, nevertheless it follows from the experi- 
ments of Engelhardt that lactid is intimately connected with 
these acids. On distilling lactic acid, he obtained citraconic acid; 
but the latter is homologous with maleic acid, from which, accord- 
ing to the above equation, the lactid ought to be formed. 


eno. = wen Oo oe Wine 
es fern ed es 
Glyoxylic Anhydrous 
acid. glyoxylic acid. 
C*HSOS = O©4H*0® + HHO 
— UY 
Tartaric Anhydrous 
acid. tartaric acid. 
C2203) y CO? ise + OO 
SS) je 
Anhydrous 
glyoxylic acid. 
CA 8 ic) SGO? sere! - CABYOS 
ene, MRE) et fee se) 
Anhydrous Pyroracemic 
tartaric acid. acid. 


The chief character of the decompositions of these acids is to 
part with water and carbonic acid. This peculiarity is explained if 
it is assumed that they originate from the radical (Gly) = C? H?0?, 
or substances polymeric with it, combining with water, or oxygen 
and water. According to Berthelot, from carbonic oxide and 
water formic acid is produced. The latter contains formyle, 
C HO, which is easily oxidized to water and carbonic acid. The 
radical C? H? O? is polymeric with formyle. 

The products of decomposition of malic, citric, and tartaric 
acids, whether by fermentation or by caustic potash at a higher 
temperature, are either oxalic or acetic acids, or substances be- 
longing to the same series of compounds, viz. acetone and pro- 
pylic acid. The radical C? H? O? 1s closely connected with oxalic 
and acetic acids. If we add oxygen, it is converted into oxalic 
acid, as in the case of glycolic and glyoxylic acid; and on addi- 
tion of hydrogen, we get a substance containing the elements of 
acetic acid :— 


C? H? O?+ 0?=C? H? O* oxalic acid, 
C? H? 0? + H?=C? H4 O? acetic acid. 


Queenwood College, Dee. 15th, 1856. 
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VI. On Mesolite and Faréelite (Mesole). By Dr. Hepp.E*. 


N a late Number of the Magazine I submitted analyses of 
natrolite, so named from the large quantity of soda it con- 
tains; its formula is NaO, Si0?+ Al?0%, Si0®+2HO. The 
mineral which stands next to this in the system is scolezite, the 
formula of which is CaO, Si0°+ Al?0#, Si0?+3HO ; differing 
from natrolite in containing lime instead of soda, and in having 
an additional atom of water. It is thus rational to presume that 
the most common impurity in either of these substances would 
consist of a greater or less amount of the bases which constitute 
their specific distinction ; that natrolites would be found con- 
taining some lime, and that scolezites would occasionally be 
contaminated with soda. Published analyses show that this is 
the case; and I have lately pointed out, that, in the case of “ga- 
lactite,” the occurrence of an impurity of this nature had for years 
given a distinct name to what is merely an instance of chemical 
replacement. So long as this substitution of one substaace or 
element for another occurs in varying proportion, or in such as 
cannot be expressed by a rational formula, the substance m 
question is to be considered as merely a chemically impure (I 
use chemically here to distinguish from mechanically impure) 
specimen of that mineral which in composition it most resembles ; 
when, however, the replacement occurs in definite proportions, 
then a distinct mineral is before us, with as good claims to be 
considered a species as either of the originals, the result of whose 
combination we may theoretically consider it. Thus, in my five 
analyses of galactite, we had the lime of scolezite occurrmg in 
the soda mineral in the per-centage proportions of *16, ‘82, 
93, 2°63, 4°312, no one of which proportionst agrees with 
* Communicated by the Author. ¢ 


+ Except, perhaps, the last; the specimen was from Glen-farg. The 
analysis stated in full was,— 


Silica h)ieen: at) Sebaueet: 

AlUmING, oda Sy SL SULe 
TAME to Nile oe Bole 
Sods 2 1.3%, LO°S04 
Water 2.1) 2.20, pedo 


These proportions point to the formula 99°808 
(2NaO, CaO) 38i0°+3(AP 0%, Si0*)+7HO, 


which gives— Atoms. Per cent. 
Silica ie fo = 346386 = 47:41 
Alnmuiae |. Sh gecoe =<) 20°32 
Lime 4 qe, oe 9 5000s 479 
Soda. . .. 2 = ./8180 = 10:70 
Water’ oo. (a= eau ee OS 
730586 


But the above formula may be written 
2(NaO, Si0*+ AP O%, Si0*+2HO)+(CaO, Si0#+ Al? 03, Si0®+3HO) 

2 atoms natrolite + 1 atom scolezite 
the very reverse, in fact, of mesolite. This compound may be called Fargite. 
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the per-centage required by any mineral which can stand inter- 
mediate between natrolite and scolezite (galactite, therefore, is 
to be referred to one or other of these species; and as the soda 
greatly preponderates, it is to be considered as merely a variety 
of natrolite, the soda mineral) ; but, should we find that any or 
all of the substances at present under consideration do so agree, 
then we are entitled to consider them distinct species. 

Though the minerals mesolite and mesole are well known by 
name, I believe there is considerable difference of opinion as to 
whether both or either are distinct species. This may result 
perhaps from a paucity of analyses, perhaps from the published 
analyses having been performed on impure or even mixed speci- 
mens; for I am afraid, that, even after years of teaching, the 
eye cannot discriminate some of the radiated zeolites ; ; it rarely 
is here assisted by form; colour, hardness, and specific gravity 
do not afford much aid; from analysis alone do we obtain de- 
cisive information. 

I very decidedly consider mesolite and Fardelite (mesole) to 
be thoroughly good species, and quite distinct from each other ; 
and hope the following analyses, taken in conjunction with those 
already published, will make this evident. 


Mesolite—1. From Talisker in Skye, there called cotton- 
stone; colour white, in delicate interlacing crystals, which, when 
crushed, become the “ mealy zeolite” of some authors. 


On 14 gers. Atoms. 
Silica. . . 46°714 = 8091 = 5:867 = 6 
Alummave 62 126617 = 4153 = 6:011°= 3 
Dimenay y PP 9-078. =": 2504h=— 1881" = 2 
Sodas sd)s 5389 =—- 1879v= 1 = |! 
Water “22. 12:33) -= 11401°= 3:267 = 8 
100°629 
Formula— 
or (NaO, 2CaO) 38108 + 3(Al? 0%, Si0*) + 8HO, 


2(CaO, SiO + Al? 08, Si0?+ 3HO) + (NaO, SiO® + Al? 0%, Si0® 
2 atoms of scolezite Ble 1 atom of natrolite +2HO), 
the per-centages of which are,— 


Atoms. Per cent. 

Silica 6 = 3463°86 = 46:95 

Alumina. 3 = 1922°52 = 26:06 

Lime 2 = 700:00 = 9°49 

Soda 1 = .390°90:= 5°30 

Water 8 = 900:00 = 12:20 
7377°28 


<>) 
~ 
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The analyses by Berzelius, V. Fuchs, and Gehlen, agree ad- 
mirably with this formula. 
(CaO, NaO) SiO’ + Al?0%, Si0?+3HO has been given: the 


per-centages of this are,— 


Atoms. Per cent. 

Silica 2 — 115462 = 46:12 

Alumina. 1 — 640°84 = 25:60 

Lime. 1 — _175:00 =. 7:00 

Soda . 2 — 19545 = 7:30 

Water 3 =) 307 D0 =. 15:48 
2503°41 


The only analysis which comes near this is that by Friesmuth 
from Hauenstein. Rose (in his Krystallo-chemische Mineral- 
system, p. 89) gives the mineral from that locality this formula, 
and calls it mesolite. Dana, again, makes it mesole, with an 
equibasic formula, with which it seems indeed best to agree (see 
note to Faréelite). Hausmann, however (Handbuch, p. 801), 
remarks, “‘der sogenannte Mesolith von Hauenstein ist nach 
Haidinger mit Comptonit uberzogener Zeolith.” And _ this 
opinion, grounded probably on inspection, would seem to be 
confirmed by a chemical consideration of the subject, as an ad- 
mixture of Comptonite with natrolite would result in some such 
compound; the former furnishing the lime, diminishing the 
quantity of silica and soda, and slightly increasing that of the 
alumina and water of the last-mentioned mineral. 

2. From Storr in Skye; colour white, in delicate feathery 
tufts (powdered mineral absorbs °574 per cent. of moisture). 

On 25 evs. 
Silica’... 1. 46°724 
Alumina . . . . 26°698 
Lame. f.2- Seep 8902 


SYa\C Ete em Fevers ees ee YT 
Wisteth.) os. «2 2nilleo2o 
100-653 


3. At Kilmore in Skye, mesolite occurs in yellowish-white 
radiated crystals, forming solid masses, very different in appear- 
ance from the specimens at the above localities, and having much 
resemblance to natrolite. 


Siltea Ps) SP Af "46:26 
Alumina’’4 -«'& .° 26°48 


Pinie RR SE 10°00 
Soda! Gah. se 4... 498 
Water ees & . 18°04 
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This being the only mesolite I have seen the crystals of which 
are large enough for measurement, I forwarded some chips to 
Mr. Greg: he finds MM‘=89°. 

4, From the cave in Naalsée, Fardée; in downy tufts. 


Nili@ale, & soeecnea cates 8 4OTOU 
Alumina... . 26°46 
TANG cere 18 iOS 
SOT Tama PR ae 5S YF 
Wiakere Woe ab os ooade 


Faréelite (Mesole)—1. From Storr in Skye; bluish-white 
implanted spheres. 


Atoms. 
Silica |. iy aoe ee ple7. = acs49. = .5 
Alumina . . 2844: 4437 = 3006 = 3 
Time. 2. Lida 8207, = 2 25a. = 52 
OCA te wy oe ON ts LAO el ==)! 
Water. ere) you bores Wh Ook pi Qoaii=" Oo 


100°33 
Formula— 
(NaO, 2CaO) 28103 + 3(A1?03, $10?) + 8HO, 


the per-centages of which are,— 


Atoms. Per eent. 
Silica’. o sch cp <0) 2OD0DD 42-45 
Alominad 2-4. . « 10-2, 1922-D2 28:27 


BOOB ee oe Ass Ue 
Rte ne Ss Os GULP 
2. From near Portree in Skye; in confused white nodules. 
Gilitas py Kos oFdc, W420 
Alumina . . . . 80°00 
Dimes <i0! Fas yet 140 
Rowing) ig ary SP a raroe 
Walked! Yeiach CoA RRO 


Tine 220! eg) “a9 g:gg =2"16-99 


3. From Uig im Skye; associated with a (?) new mineral 
and analcime. ‘The specimens at this locality are white radiated 
nodules, filling the whole cavity. Two analyses of different spe- 
cimens were made. 


* Compare analyses of Berzelius and Thomson. 
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On 25 ers. On 115 ers. 
Sili¢ar. . «op 40° 172 43°21 
Alumina. . 29°30 29:03 
Thames. , eee \9:816 10°35 
NOGAL. eeu aero oeO 5:16 
Water . . 12°40 12°46 

100:014: 100°21 


The sole chemical difference, therefore, between mesolite and 
fardelite is one equivalent of silica*; but the mineralogical 
distinctions, between typical specimens, at least, are numerous 
and well marked. Faroelite invariably occurs either in implanted 
and isolated globules (I observed a single instance in the island 
of Naalsde, where these globules were prolonged into stalactites 
of about 3 inches in length), or as a mammillated coating of 
the rock. These spheres, generally of a bluish colour, are, 
though radiated in their structure, solid at the circumference as 
at the centre, and have a decided pearly lustre on one, apparently 
a cleavage face. Mesolite, again, is generally seen in delicate, free, 
dead white fibres, which have no pearly lustre: in the finely- 
crystallized Iceland specimens, as also in those from Uig, the 
lustre is vitreous. One cavity in the rock will contain mesolite ; 
another close by, Fardelite: when both occur in the same cavity, 
the latter is invariably nearest the rock. At Storr, as also all 
over Far6e, Faréelite occurs in solid spheres of a blue tint, with 
free plumes of dead white mesolite implanted on them, perfectly 
distinct in structure and appearance ; in fact, out of twelve zeo- 
lites which may be found at the Storr, FarGelite is, with the ex- 
ception of chabasie, the first which has been deposited in the 
cavities of the rock, mesolite the last, or one of the last. Again, 
the one mineral is of common occurrence at a locality where the 
other is rare, or altogether absent; at the next locality the 
reverse may hold good; and so also it is in Farée. 

The nomenclature of these zeolites seems to me to be in asad 
state of confusion :—we have mesotype, mesolite, mesole (also 


* From the analyses of Hisinger and Thomson, Faréelite seems to occur 
at Annaklef and Bombay with the formula 


3(NaO, CaO) 2Si03+3(AF 08, Si0*)+8HO, 


the per-centages of which are— 


Atoms. Per cent. 
Silica . . . . 5& : 288655 = 42:33 
Alumina . . . 3 ; 1922°52 = 28°19 
Lime he |e 525'°00 = 7:69 
WOU Momateet. ernie 586°35 = 8:59 
Waterivgas a 6...°8 900:00 = 13:20 


6820-42 100-00 
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the mesolin of Berzelius, but that is Levyne). I would propose 
that the unmeaning mesotype be exchanged for the expressive 
natrolite; that mesolite, as being in reality the intermediate 
mineral, be retained; and that mesole give place to FarGelite, 
after the locality whence we obtain the choicest specimens of the 
mineral. 
From their composition they will rank as follows :— 
Natrolite . NaO, SiO? + Al?0%, S10? +2HO. 
Fargite? . (2NaO, CaO) 28108 + 3(Al? 0%, Si0%) + 7HO. 
FarGelite . (NaO,2CaO) 3810? + 3(Al? 0%, Si0%) + 8HO. 
Mesolite . (NaO,2CaO) 3810? + 3(Al? 0%, SiO?) +8HO. 
Scolezite .. CaO, Si0?, + Al?0%, SiO? +3HO. 


VII. On an Lmproved Induction Apparatus. 
By Emix Stourer*, 


ee attempts have been made to construct induction 

apparatus of larger dimensions in order to obtain elec- 
tric currents which should, as it were, stand midway between 
those obtained from the electric machine and those obtained 
from the voltaic battery, several physicists and artists have 
been occupied with the study of the phenomena connected with 
the subject. Probably what has already been accomplished is 
far from the perfection which it is possible to confer upon 
these instruments; and there is no strong reason against the 
supposition, that, with comparatively small means, sparks several 
inches in length may be obtained at the extremities of the wire 
of the induction coil, if the necessary insulation can be effected 
without removing the wire too far from the central core. The 
surrounding layer must be completely impenetrable to sparks 
which might spring from one series of coils to another. 

In the year 1854 I constructed an induction apparatus in 
which I endeavoured, as M. Sinsteden has done, to turn to ac- 
count the advantage possessed by magnets of the horseshoe form 
over bar magnets. The result was not that which I hoped for ; 
for after the removal of the iron crosspiece which united both 
limbs of the magnet, each bar singly showed a strong induction 
current. It may be that the magnetic imertia of the massive 
piece of iron is the cause of this, although subsequent experi- 
ments on the advantages of bundles of iron wire over the 
massive iron core showed that too much weight must not be 
attached to the action of the iron by its temporary magnetism. 
The same was observed by Prof. Poggendorff. According to him, 


* From Poggendorft’s Annalen, May 1856, 
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a good many of the little bars may be removed from the spiral 
without weakening the induced current; this was particularly 
the case when the condenser was introduced. 

But although the horseshoe form of the electro-magnet above 
mentioned did not produce the desired effect, one advantage of 
this arrangement remains valuable, that is, the use of the in- 
terruptor. 

When a strong iron or steel spring is fastened to one pole, 
and reaches closely over the other, terminating there in a piece 
of iron of the shape of a hammer, this serves as a continuation 
of the magnet, and will be very strongly attracted by the other 
pole. Nearly in the middle of the spring is placed a piece of 
brass coated with platinum; above the latter, upon a stand, is 
the regulating screw with its platinum point, which carries the 
current from the battery to the spring and to the commencement 
of the primary coil. The vibrations of this strong spring are 
very energetic: they effect a sure closing and an exact interrup- 
tion of the circuit. 

Upon each limb of the horseshoe magnet, the wire of which 
had been previously protected by a coating of strong gutta-percha, 
stands an induction coil, the body of which, consisting of wood, 
was also coated with gutta-percha previous to the winding of the 
wire. The interior end of the fine wire is carried outwards 
through a glass tube. Lach coil has an interior diameter of 45 
millims. The windings reach to a height of 120 millims. ; 
the exterior diameter of the coil is 85 millims. As the horse- 
shoe magnet stands vertical, both ends of the spirals are carried 
upwards through the wood of the spiral, and terminate in insu- 
lated binding screws, which may be conveniently combined both 
together or in succession. By an arrangement for discharging, 
the distance which the sparks are to pass over can be altered 
at pleasure. 

The whole of the phenomena hitherto known may be seen at 
the discharger; as, however, I did not succeed until afterwards 
in the construction of a good condenser, the striking distance of 
the sparks in air was not very considerable, although the appear- 
ances in rarefied air were very beautiful, and accompanied by all 
the peculiarities already so often described. 

For the experiments iz vacuo I did not use the so-called elec- 
tric egg, that is, the ellipsoidal receiver, but a glass jar, 15 inches 
high and 5 inches in diameter, which could be closed above with a 
stopper, and conveniently placed on the plate of the air-pump; it 
was more easily cleaned than the egg. Besides this, in order to 
make the whole apparatus more portable, I have constructed for 
the experiments a suitable hand air-pump, which maybe exhausted 
to at least 1 millim. barometric pressure, and which is also useful 
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for other purposes. I shall take the liberty of describing it more 
accurately at a future time, and to explain it by drawings, as it 
is deserving of strong recommendation. 

One of the phenomena in rarefied air which I had not hitherto 
observed, and which I have nowhere found mentioned, is the fol- 
lowing. It is known that by different means a stratification of 
the passing light may be obtained; this occurs most readily in 
the vapour of oil of turpentine or phosphorus, which, however, 
must be present in very small quantity. Whenever I obtained 
these layers, which appeared sharply defined, I observed a motion 
of them from one pole to the other. It is remarkable that the 
direction of this motion was immediately reversed when the two 
wires were changed so as to change the polarity of the two spheres. 
The progressive motion of the layers always takes place from the 
positive to the negative pole. 

Although durmg the observation of these luminous layers, 
which, it may be remarked, are often so sharply defined that the 
intervening spaces are completely dark, an optical illusion may 
easily be thought of, possibly connected in some way with the 
play of the circuit breaker, I must mention that neither the mag- 
nitude of the dark spaces, nor the velocity of the motion was 
changed, when the breaker was permitted to vibrate at a differ- 
ent rate. If such layers once occur, the circuit may even be 
caused to open and close at pleasure by the hand ; the same layers 
and the same progression of the strata will always be observed. 

I now pass to the description of a new induction instrument, 
in the construction of which I have ayailed myself of my own 
experience and that of others, in order to produce the greatest 
possible effect. 

The apparatus (fig. 1) consists of the following principal 
parts :—1, the primary coil with a bundle of iron wires; 2, the 
three single induction coils ; 3, the interruptor ; 4, the discharger ; 
5, the condenser. 

1. The primary coil itself is not to be seen in the figure, but 
the upper end of the bundle of iron wires is seen at A. The latter 
consists of wires of 1 millim. in diameter, which stand loosely in a 
thin cylinder of wood, so that they may be taken out of it singly. 
The little bars are varnished with shell-lac. The primary coil is 
wound on the wooden cylinder ; its wire is 1 millim. thick, and 
is formed of six layers of the double wire. The ends of the spiral 
are connected with the clamp screws BB. The height of the 
whole spiral is 20 millims.; it has an external diameter of 50 
millims., in which a coat of strong gutta-percha, |] millim. thick, 
is reckoned, ‘The wires are varnished for the sake of security. 

2. The induction spiral consists of three single coils, which 
may be easily taken off the primary, and united at pleasure one 
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with another. The central cylinder of the coils consists of pieces 
Fig. 1. 


.— 


of paper glued over each other and saturated with varnish. The 
walls of the coil are of wood, the best for this purpose being sound 
pear-tree wood; they are only 3 millims. thick, and have a dia- 
meter of 100 millims. In winding the fine wire and its insulation, 
the greatest care is known to be necessary. Although, by making 
three compartments, an approximation of the parts of the induc- 
tion wire which lie at a great distance from each other is avoided, 
still the good spinning and good varnishing of the wire is by no 
means sufficient. It is easy to see that small sparks pass from 
one layer to that above it, when the excited spiral is observed in the 
dark. There is no means of avoiding this, except by adding to 
the varnished covering which surrounds the wires another coating 
which shall be impervious to such sparks. Fluid insulators in- 

deed, such as oil of turpentine, close up the ruptured place im-* 
mediately ; but little is gained by this, as the passage of the 
sparks will not thereby be prevented. If one layer of wire be 
separated from the other by gutta-percha, wax-paper, &c., the 
sparks make a path for themselves round the edges and along 
the sides of the coil. Professor Poggendorff made use of a light 
fluid wax, which has been of greater service. The coils of the 
apparatus now in question are wound and insulated in the fol- 
lowing manner :—A small glass tube is introduced at the mner 
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side of one of the walls of the coil so deeply imto the wood, that 
it does not project beyond the imner surface; at the circum- 
ference it protrudes a little. This tube receives a copper wire, 
to which the inner end of the fine wire is soldered. The wind- 
ing in the lathe now commences. The wire is overspun with 
silk and varnished before it is laid on. After the completion of 
each layer, a mixture of 1 part of white wax and 1 part of colo- 
phonium is laid on hot with a camel’s hair pencil, and the entire 
wire is kept warm by an alcohol lamp placed beneath it. By this 
means all spaces are penetrated and filled with this good insula- 
ting substance; the whole forms upon cooling a firmly con- 
nected cylinder, which it is hardly necessary to protect from 
external injury; for it is known that the mixture of wax and 
rosin is made use of as a very firm cement. The outer end of 
the connexions is also soldered to a strong copper wire, which 
is cemented in a small glass tube. Both ends of the wires are 
therefore well insulated by glass, and lie far from each other ; 
the two copper wires project two lines outwards, so that binding 
screws may be readily attached to them. 

All three coils are wound in the same manner and in the same 
direction ; they are so pushed on to the interior spiral that the 
ends of all the interior wires stand on one side, while all the 
external ends are at the other, in a vertical direction. The 
manner of uniting the wires by intervening pieces will be mani- 
fest from the figure. The lowest coil rests upon three small 
pillars of ivory, which are not seen in the drawing. From the 
upper and under ends of the system of coils the wires are car- 
ried directly to the discharger. 

3. The interruptor E is placed upon a wooden foot, and may 
also be made use of for other purposes ; as it can be taken away 
at once after the connecting wires have been removed. An 
electro-magnet, round which four layers of the same double 
wire which is used in the inner spiral are coiled, acts on a per- 
forated and grooved iron cylinder F. The latter is attached 
to a strong lever, H, which is drawn downwards by a spiral 
spring. The platinum point of the screw H at the extreme 
end of the lever presses forcibly on the upper portion of a 
' strong copper spring, J. On the upper surface of the spring 
is placed a disc covered with platinum, which can be caused to 
rotate, and is touched by the platinum point, not at the centre, 
but somewhere between the centre and circumference. This is 
for the purpose of changing at pleasure the point of contact 
without filing, which would be necessary if the platinum were 
fixed. 

Under the projecting portion of the spring J there is a screw 
L, which, where it rises, supports the spring so that the latter 
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loses its property of yielding, the descending lever thus meeting 
a firm surface below. Besides this, between the limbs of the 
spring a bit of cork is fixed for the purpose of damping the 
vibrations, which are not favourable to the development of the 
induced current. Finally, there is another screw K, by the 
turning of which a greater or less degree of tension may be 
imparted to the spiral spring. With this arrangement of the 
interruptor, we are able to fulfil, as completely as possible, the 
conditions which are necessary to the development of a powerful 
induced current. 

When the making and breaking of the primary circuit is 
effected by the hand, by bringing the wires into contact, and 
then separating them quickly, one is soon convinced that the 
stronger the wires are pressed together before separation, and 
the more suddenly they are separated, the greater are the 
sparks which cross at the ends of the induction coil. It 
is just the same with the contact and separation of the platinum 
point and plate. The largest sparks are obtained when the 
spiral spring is in a state of the strongest tension, and the 
iron armature is not permitted to come too near to the electro- 
magnet; for a portion of the force would be thus neutralized 
with which the lever is pressed by the spiral spring against the 
platinum plate. 

Further, it is not indifferent whether the platimum point of 
the screw H meets at the closing of the circuit with a firm ora 
yielding surface; for in the first case the current will circulate 
only for a very short time, and the duration of the interruption 
will be greater than that of the closure of the circuit; in the 
latter case, on the contrary, where the spring J yields, we have 
a longer closure, and a time of interruption shorter or longer 
according to circumstances. By the use of the three screws 
H, L, and K, this relation -can be altered at pleasure, and the 
play of the lever also permitted to proceed more slowly or quickly. 
It is very interesting to observe the dependence of the induced 
current upon the manner of closing or breaking the primary 
current ; and it is not to be wondered at, that im experiments 
where the separation has been effected between other metals, as 
silver, copper, gold, &c., such great differences should have been 
observed, 

4. The discharger merely ministers to the convenience of the 
experimenter ; it has however also the effect of preventing too 
great a condensation of the electricity in the spirals, neutraliza- 
tion being effected by the passage of the sparks. 

Two small bars of steel move in the stands C and D, which 
are insulated by glass pillars. The bars are furnished at the 
hinder extremities with discs of brass, and at the forward extre- 
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mities with platinum points. They may be caused to approach 
each other up to contact, and they can be diverted so that a pomt 
shall stand opposite a disc, or both dises opposite to each other. 
In addition to the conducting wires which proceed from the 
induction coils, several wires for the passage of the current for 
other purposes may be attached to the discharger. 

5. The condenser is known to be a very important part of 
the apparatus. Prof. Poggendorff and M, Sinsteden have already 
proved that it may be constructed in different ways. It is 
important to arrange it so that it may be used to increase or 
diminish the extent of charged surface. One attempt to con- 
struct the condenser in this manner I pass over, because no 
good result was obtained, at least it did not produce the effect 
of an ordinary wax-cloth condenser of the same surface. Never- 
theless 1 have not found the fear expressed by M. Sinsteden, 
that the wax-cloth condenser would be easily broken through 
by the sparks when the excitement is intense, fulfilled. In the 
drawer M is an ordinary wax-cloth condenser 8 Par. feet long, 
built into layers separated from each other by varnished par- 
titions, and connected with the binding screws which stand at 
the front of the drawer. The attempts to construct a condenser 
out of single pairs of plates I have not yet given up, as it pos- 
sesses great advantages. The condenser of M. Sinsteden, formed 
of plates of glass, fulfilled indeed its object ; I believe, however, 
that on account of the thickness of the glass, it must have a 
greater surface than the wax-cloth condenser ; and besides this, 
such a condenser is very fragile, as the thinnest glass must be 
made use of, and the plates, though in a drawer, must be per- 
mitted to stand free. 

6. Experiments with the apparatus gave a development of 
induced currents which, to my knowledge, has never been 
attained hitherto. The change of the sparks passing between 
the platinum points of the discharger, when the condenser is 
introduced, is very striking. While without the condenser the 
sparks are very slender, are but feebly luminous, produce a fine 
crackling noise, and reach a length of only 5 or 6 lines,they imme- 
diately assume awhollydifferent character when the condenser, one 
side of which is in connexion with the lever C, and the other with 
the copper spring J, is introduced. The sparks become more mas- 
sive: they are at least four times as wide, and surrounded by 
coloured fringes; the report is loud, particularly when those of 
greater length and raver occurrence spring over. When the room 
is rendered dark, a brush of electricity, like that of the electric 
machine, is seen streaming from the points of the discharger, 
the positive being easily distinguished from the negative. By 
the application of one or two of Bunsen’s cells, sparks are ob- 
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tained from 12 to 14 lines in length, which do not follow the 
direct line joining the points, but sometimes describe consider- 
able zigzag curves. Such long and rarely occurring sparks are, 
however, only obtained when the lever C is pulled as strongly 
as possible, so that the pressure of the platinum point on the 
copper spring is very strong. When the points of the discharger 
are caused to approach within about 8 lines of each other, 
a continuous stream of sparks passes, which becomes more 
intense when the play of the interruptor is permitted to proceed 
more quickly. The play of sparks at the discharger is very 
beautiful when a bit of chalk, sugar, glass or wood is placed 
between the points. Wood-shavings, paper, cotton-wool, and 
gunpowder, are immediately ignited by the sparks. 

As these mduced sparks develope a comparatively greater 
amount of heat than those of the electric machine, even when 
they proceed from the strongest battery, it may be expected that 
such instruments will find application in the art of war, more 
especially as preliminary experiments in France, with far feebler 
apparatus, have already given satisfactory results. The igni- 
tion of gunpowder, for example, is immediately effected when 
Varrentrap’s fuse is made use of. This fuse consists, as is known, 
of a mixture of 2 parts of chlorate of potash and 1 part of 
sulphide of antimony, and is spread over the gunpowder. If 
through this mixture the smallest induction spark is permitted 
to pass, it is immediately ignited. Six such grenades, which 
were connected one after another at great distances, I have com- 
pletely and simultaneously ignited. The insulation for the in- 
duced currents is far less difficult than for those of the electric 
machine ; the apparatus itself is very small, not dependent on 
the state of the atmosphere, &c. Of course, for practical pur- 
poses, the instrument would be constructed in a totally different 
and more simple manner than that just described. ‘The inter- 
ruptor, for example, would be formed of a single presser, similar 
to the key of a Morse’s telegraph. The induction coil and con- 
denser could be so preserved in a box that injury would be im- 
possible, as neither of them is fragile. This is not the place to 
follow this purely technical subject further ; it results, however, 
from what has been said, that this electricity is more suitable 
for the purpose mentioned than the frictional electricity recently 
applied in Austria. 

I partake less of the hope expressed by M. Sinsteden with regard 
to the possible application of induction currents for igniting the 
coal-points for technical purposes. My apparatus ignites the 
points very prettily. The coal is even rendered glowing; but 
the intermittent character alone of the induced current would 
deter me from further experiments, for such a light could never 
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be made applicable for technical purposes. That the light from 
the points, even when the interruptor moves most quickly, re- 


_mains very plainly intermittent, may be easily proved by causing 


an illuminated object to move quickly to and fro. In general 
the induction current will always develope less heat than the 
voltaic current applied to produce it; and although this property 
does not stand in direct relation to the generation of light by the 
coal-points, still we cannot think of producing the latter without 
a strong development of heat. 


VIII. On some New Methods of producing and fixing Electrical 
Figures. By W. R. Grovez, Esg., V.P.R.S. §c.* 


CLASS of figures produced on polished surfaces by electrizing 
a metallic bas-relief, such as a coin or medal placed on 
glass, mica, or polished metal, was made known by M. Karsteny, 
who refers in his memoir to the previous results of Moser and 
Riess, the latter having given the name of roric figures to those 
produced by electrical discharges on account of their becoming 
visible, as Karsten’s did, when breathed on. M. Karsten states 
that he had but imperfectly succeeded in fixing these figures by 
exposing them to the vapours of iodine or mercury {, and that 
when an insulating substance was interposed between the object 
and the recipient plate, the figures were not formed §. 

This class of experiments possesses much interest as showing 
the molecular changes accompanying electrical phenomena; and 
believing, as I have for many years, that electricity is nothing 
else but motion or change in matter, a force and not a fluid, I 
have recently made some experiments to ascertain whether similar 
effects took place in cases where electrical light is visible upon 
insulated surfaces only, a great number of experiments having 
already shown that the particles of metals or conducting bodies 
are projected when the electrical spark proceeds from them. 

M. Du Moncel has shown that when two plates of glass coated 
respectively on their exteriors with metallic plates are kept sepa- 
rate and electrized, a brilliant electrical light is seen between the 
plates ||. I thought I might render evident the molecular change 
which I believed to be taking place on the opposed surfaces of 
glass in such cases, and the following experiments, selected from 
many others, will, I think, prove that this is the fact. 

1. Two plates of window elass, 3 by 33 inches, were immersed 
in nitric acid, then washed, and dried by a clean silk-handker- 


* Communicated by the Author. : 

+ Archives de LP Electricité, vol. ii. p. 647 5 iii. p. 310; iv. p- 457. 
+ Ibid. vol. ii. p. 651. § Ibid. vol. iv. p. 464. 
|| Notices sur Vappareil de Ruhmkorff, p. 46. 
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chief until their surfaces gave a uniform flush when breathed 
_ on. Between these plates was then placed a piece of hand-bill 
printed on one side only ; pieces of tinfoil rather smaller than 
the glasses were placed on the outside of each, and these coatings 
were connected with the secondary terminals of a Ruhmkorff 
coil. After a few minutes’ electrization, the coatings were care- 
fully removed, and the interior surface of the glass when breathed 
on, showed with great beauty the printed words which had been 
opposite it, these appearing as though etched on the glass, or 
having a frosted appearance; even the fibres of the paper were 
beautifully brought out by the breath, but nothing beyond the 
margin of the tinfoil. 

2. It now occurred to me that I might render these impres- 
sions permanent by the use of hydrofluoric acid, and a similar 
experiment was made, the naked plate of glass after electrization 
being exposed over a leaden dish containing powdered fluor spar 
and sulphuric acid, and slightly warmed; the letters came out 
rather imperfectly, but some creases in the paper were beauti- 
fully reproduced. 

3. I now cut out of thin white letter-paper the word Votra, 
and placed it between the plates of glass ; they were submitted 
to electrization as before, and the interior surface of one of 
them, without the paper letters, was subsequently exposed to 
the hydrofluoric acid vapour; the previously invisible figures 
came out perfectly, and formed a permanent and perfectly accu- 
rate etching of the word Volta, as complete as if it had been 
done in the usual mode by an etching ground. This of course 
could be washed and rubbed to any extent without alteration, 
and the results I have obtained give every promise for those who 
may pursue this as an art, of producing very beautiful effects, 
enabling Silhouette designs, or even fine engravings, to be copied 
on glass, &e. 

4. I again electrized a plate in the same manner, and then 
covered the surface having the invisible image, with iodized 
collodion, and immersed it in a bath of nitrate of silver (40 
grains to the ounce) in a room lighted by a candle, in the usual 
manner as for a photograph. It was then held opposite a win- 
dow for a few seconds, and taken back into the darkened room, 
and on pouring over it a solution of pyrogallic acid, the word 
Volta, and the border of theg lass beyond the limits of the tin- 
foil, were darkened, and came out with perfect distinctness, the 
other parts of the glass having been, as it were, protected by 
electrization from the action of light ; the figures were perma- 
nently fixed by a strong solution of hyposulphate of soda. 

5. A similar experiment to the last was made, but after fixing 
the impression, the collodion film was floated off ; this contained 
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the impression as it does with an ordinary photograph ; and the 
glass plates being washed with distilled water and dried, showed 
no impression when breathed on. 

6. An electric impression of the word Volta was well rubbed 
with a handkerchief, then washed with water and alcohol, then 
dried; the impression still came out by breathing upon it. 
Some one of the chemicals used in the collodion process had 
probably had the effect of removing the figure in Experiment 5, 
but I have not yet ascertained to which this removal is due. 

7. Letters cut in tinfoil were substituted for those of paper ; 
the effect was the same, but it seemed to me more feeble. 

8. A solution of nitrate of silver was poured over the surface 
of an electrized plate, so as to form a bath on its surface; a rake, 
formed of ten common pins, was made to touch the glass with 
its points along the course of the invisible image; the silver was 
of course precipitated in an arborescent form, and I thought it 
probable that the lines of deposition might follow the course of 
the invisible image, but I could not be certain of any such effect, 
though in one experiment there seemed to be some slight indi- 
cation of it. 

The above experiments were repeated many times, both with 
positive and negative electricity from the coil. At first I be- 
lieved I had found a remarkable difference in the effect of the 
change of direction of the discharge in the cases where hydrofluoric 
acid was employed ; and in two experiments, in which the tinfoil 
of the upper glass plate was connected with the positive terminal, 
the impression of the word on the lower side of the upper plate 
after exposure to the vapour, was polished, while the residue of 
the plate was frosted; and in two subsequent cases, the upper 
tinfoil beg connected with the negative terminal, the reverse 
was the case. In subsequent experiments, however, great irre- 
gularities took piace in this relation, and it seemed to depend 
on the time of exposure and on slight differences in the distance 
between the paper letters and the glass, the latter-not being 
brought intoperfectly uniform contact with the surfaces of the glass. 

After the first few experiments I placed a marble paper-weight 
on the upper glass, and found the effects more uniform and perfect. 

An electrization for periods of from five to ten minutes, pro- 
duced the sharpest and clearest effects; when the electrization 
was prolonged, a blur or second margin gradually appeared, and 
increased in extent around the outline of the letters, having 
somewhat the appearance which would have been presented had 
the paper letters been moist, and the liquid slightly extended 
itself from their edges over the glass. 

When the electrization was thus prolonged, the figures were 
visible on inclining the glass to the light, without breathing on 
them, and gave a strong impression of the glass having suffered 
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a superficial disintegration or decomposition, but I could not by 
the microscope or by polarized light detect a difference in its 
structure. 1 hope, however, to do so by a more prolonged and 
varied examination. 

It may be well to state that counter experiments were made, 
such as allowing the plates to remain with the letters between 
them, but without electrization, in which case no effect was pro- 
duced; but it is probable, by analogy with Moser’s elass of pheeno- 
mena, that a very long period of contact would produce some effect. 


IX. On Glyoxal. By Dr. H. Desus*. 

HE great difficulty of preparing glyoxal quite pure led me 
to deduce the formula of this substance from the com- 
position of its compounds, and the alterations it undergoes in 
contact with other bodies. But since the second memoir on this 
subject was written I have succeeded in analysing pure glyoxal, 
and find that its composition must be expressed by the formula 

C?202.H%. It is hydruretted oxalyle. 

Since acids contain as many atoms of hydrogen and carbon 
as their corresponding aldehydes, the formula of glyoxylie acid 
is probably C? H? O°. 

The common aldehyde is monobasic, and only one acid corre- 
sponds to it. 

The bibasic glyoxal forms, on addition of oxygen, two acids,— 
glyoxylie and oxalic acids. 


C?H4O> + OO = C*H*0% 
e—— ——~ 
Aldehyde. Acetic acid. 
02.0? He tO «cj ss, C2. 0? 20 
pears tee eee ee, 
Glyoxal. Glyoxylie acid. 
CO? fF 20 aa Orde 
——— =" HH.O 
Glyoxal. publ da 
Oxalic acid. 
Vials hel elle ide 0 aa te bik oho 
LU -— 
Common alcohol. Glycol. 
0? HS OF? sn 4H o ee C?.0? He 
w~ —Y 
Glyoxal. 
CTOs tae le ee oa 
Seed Wey CV LY 
Glyoxal. Water. Glycolic acid. 


Therefore glyoxal is the aldehyde of the alcohol glycol, and of 
glyoxylic and oxalic acids. From the formula of glyoxal, C? H* 0°, 
in my second memoir, one atom of water must be deducted. 

Queenwood, December 25. 

* Communicated by the Author. 
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Elements of Chemical and Physical Geology, Vol. Il. By Gustav 
Biscnor. Translated by B. H. Pauu, F.C.S. (Published by the 
Cavendish Society.) London, 1855. 


OMPARATIVELY few, if any works, certainly none to the same 
extent, have issued from the English press of the nature and ten- 
dency of that of which the one before us is a translation. The 
study of chemical geology may be said almost essentially to charac- 
terize the industry and research of the German schools, as the 
numerous papers published in the journals of Leonhard and Pog- 
gendorff fully testify, and which have been further enriched by the 
labours of the Swedish and Norwegian chemists. In France it has 
engaged the attention of Ebelmen, Delanoue, Delesse, and other 
able chemists. In America, Silliman’s Journal contains the results 
of the researches of Dana, Rogers and others, bearing on this subject. 
Not that the inquiry has been entirely neglected in England, but 
the notices have been but few and far between, and chiefly in this 
Journal, and also in Jameson’s Edinburgh Journal. No special work 
has been devoted to the subject, although much valuable information 
bearing upon it is contained in the ‘Geological Observer’ of Sir 
Henry De la Beche. That mineralogy* and mineral geology have 
not received that attention to which they are justly entitled may be 
partly borne out by the fact, that in the seven volumes of the 2nd 
series of the Transactions of the London Geological Society, valu- 
able and important as are the papers contained therein, there are but, 
strictly speaking, one or two communications bearing on the above 
subjects, nor in the Journal of the same Society can we find but few 
mineralogical papers, andthose of late date, by Haughton, Dick, Tayler, 
Ansted, and D. Forbes. It is with no spirit of rebuke, but rather of 
regret, that we allude to these facts, with the hope of a continuance 
of similar memoirs to those by Phillips, Bournon, and M‘Culloch, 
which more than forty years ago enriched the first series of the 
Geological Transactions. Lured by the discoveries in Paleontology, 
and attracted by the varied interesting organisms which reveal the 
life-periods of the globe and assist us in determining or under- 
standing their succession, geologists have been more interested in 
the inquiry respecting the nature and relations of these ancient 
organic beings, rather than in ‘‘ that daily sacrifice to truth ” which 
the study of chemical geology requires. 

The mere possession or cabinet study of a fossil or a mineral does 
not constitute, as it ought not to satisfy, the requirements of the 
palzontologist or mineralogist ; the place of a fossil shell or crusta- 
cean in the zoological scale is simply one thing, but its importance 


* The latest special work in England on mineralogy, is the edition of 
Phillips by Brooke and Miller, in which the erystalline forms are carefully 
worked out ; on this subject the Treatise on Crystallography by the Rey. 
W. Mitchell is a yaluable and important contribution to the science, as in 
explaining his own crystallographic notation, the equivalent symbols of 
Naumann, Miller, Brooke and Levy are also given. 
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becomes more manifest when we inquire as to the analogy or 
dissimilarity to existing forms,—its mode of occurrence—the rela- 
tive abundance or scarcity—the broken or preserved condition—the 
organisms with which it is associated—the nature of the rock, mud, 
sand, gravel, or calcareous matter,—and other circumstances which 
would lead to the inference respecting the probable depth of the sea, 
and whether the creature had lived on the spot or been drifted from 
a distance. So with a mineral, its chemical constitution is one 
thing, but its mode of occurrence another—the species with which 
it is associated—the composition of the rock in which it is imbedded, 
whether intimately mixed, occasionally aggregated or in distinct 
cerystals—whether occurring in veins or fissures—the chemical rela- 
tions of the substance to the containing rock, whether segregated 
during consolidation of the rock or subsequently elaborated, are 
some of the points of inquiry in the ‘ paragenesis ’ of a mineral species. 

Independently of mineralogy, geology has also received important 
aid from chemistry, in determining the composition of rocks and 
the changes they have undergone, in suggesting the various pro- 
cesses of fossilization, in explaining the results of volcanic and 
pseudo-volcanic phenomena, &c. It is well known that Prof. 
Bischof has devoted a considerable portion of his time to the 
bearings of chemistry on mineralogy and geology, and his original 
work evidences a vast amount of labour and research in collecting 
together so much useful matter. The English edition is translated 
from a revised copy by the author of theforiginal work; the facts 
are more condensed, the subjects are arranged in a more systematic 
order than in the German edition, and treated in such a manner, as 
to render it not only a useful work of reference, but a standard 
treatise for some time upon many of the important and interesting 
questions in chemical and physical geology. The present edition 
is by no means a mere translation or abridgement of the German, 
but an independent work, in which the additional chemico-geological 
facts ascertained since the publication of the latter, have been incor- 
porated and concisely illustrated. 

Our space will scarcely permit any details of the numerous 
valuable facts contained in the work, but the following are some of 
the principal subjects treated in the first and second volumes. The 
laws of combination in the mineral kingdom as regards the decom- 
position, conversion and formation of minerals and rocks; and 
pseudomorphism, which affords such important aid, and is in a great 
measure the storehouse out of which the knowledge of these laws 
are chiefly to be drawn, is fully considered, us described from the 
labours of Rose, Haidinger, Blum, Breithaupt, and the author. 

The waters on the earth, by which the greatest part of its surface 
has been formed or modified, the deposition of chemical and mecha- 
nical sediments and those from organic agency, the share which the 
mineral kingdom takes in thechange of the constituents of atmospheric 
air, are successively treated ; the later chapters of the first volume are 
devoted to the consideration of the simple salts, according to their 
distribution and importance. ‘The second volume is more useful to 


Notices respecting New Books. 69 


the mineralogist, as it cantaine tha ahomins] waantin ; 
f es | ~ = er pp s relating to 
alteration of minerals, and describes in detail the characte fo the 


rence, formation, and decomposition of many of the more important 
tinerals which either enter into the composition of rocks or are 
esstatially connected with them, as the silicates, quartz and other 
siliceous minerals, zeolites, felspar, tourmaline, garnet, augite and 
analogous compounds, mica, chlorite, serpentine, steatite, talc, and 
magnetic iron-ore. Under the last subject the magnetic influence of 
-rocks is treated, but no allusion is made to the important paper 
by M. Delesse, published in the Annales des Mines for 1848. 

Wernerian tendencies are strongly exhibited throughout the work, 
for Prof. Bischof considers that the origin of many minerals may be 
explained by the aqueous agency, although he does not doubt that 
their formation may have also taken place by fusion. How far 
geologists will be inclined to agree with him, that, ‘“‘ with the ex- 
ception of lava, scoriz, and other volcanic products, there is no rock 
whose igneous origin can be proved with equal certainty,” is a ques- 
tion. That the igneous theory per se has been too hastily or gener- 
ally adopted for the explanation of some of the phenomena attributed 
to it, may require further investigation. The combination of both 
agencies, assisted by thermo-electric action, acting upon masses of 
rock, may have induced an alteration in their molecular arrangement 
and brought into play new chemical aftinities, thereby eliminating 
fresh mineral compounds, and which have again been altered by 
the influence of other processes, perhaps more gradual in their 
operation. 

The study therefore of the conditions under which minerals occur 
in nature is more important than their mere chemical composition ; 
for, as remarked by Prof. Bischof, ‘chemical analyses of minerals 
acquire a much higher value when their object is not merely the 
establishment of chemical formulz, but also the elucidation of their 
genetic origin. Mineralogists have established the important fact, 
that one mineral may appear in the form of another, and it is the 
business of chemists to point out by what processes alterations or 
displacements may be effected. It is but rarely that the chemist is 
able to produce artificially the changes observed in nature; and in 
order to trace the various stages of these natural processes, there 
remains no other course for him to pursue than to ascertain by ana- 
lysis the increase of the non-essential and the decrease of the essen- 
tial constituents, and from the nature of the former to draw conclusions 
as to the processes which were going on in the mineral when found.” 

While we feel indebted to the Cavendish Society for the publi- 
cation of this work, we cannot but congratulate Prof. Bischof in the 
translation having been entrusted to Mr. Paul*, whose chemical 
knowledge and acquirements are a sufficient guarantee for the 
care with which the spirit of the original manuscript is rendered, 
and who has thus contributed towards the production of a treatise 
which ought to be acceptable as well as interesting toa large class 
of scientific readers. 


* The first volume is the joint translation of Dr. Drummond and B. H. 
Paul, F.C.S.; the second volume is entirely translated by Mr. Paul. 
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. wer vuuciwon 10 the Use of the Mouth-Bivwpipe. By Dr. T. 
Scueerer. Translated, with additions, by H. T. Buanrorp. 
Leipsic and London, 1856. 


It is unnecessary here to remark on the advantages of the h’ow- 
pipe in the investigation of mineral substances. From the «ame of 
Swab to that of Gahn, it was an instrument more or less applied 
in chemical research; to Berzelius, however, we are :ndebted for 
extending and improving its application, and his work, ‘ The Use of 
the Blowpipe,’ 1821, was translated into most of the European lan- 
guages, and was long considered a standard work on the subject. 
C. F. Plattner, continuing the researches of Harkhort, and having 
devoted some years to the use of this instrument, published about 
twenty years since, Die Probirkunst mit dem Lithrohre, of which, two 
much-extended editions have subsequently appeared, and have been 
translated into English by Dr. Muspratt. 

The Léthrokrbuch of Scheerer is intended as an introduction to the 
use of the blowpipe; the first part of that work, containing the 
use of the mouth-blowpipe, being only translated by Mr. Blanford. 
This part includes a short description of the apparatus for researches 
with the blowpipe, and instructions for the qualitative examination 
of substances so as to ascertain the presence or absence of certain 
bodies ; and to which is appended two Tables, the first containing 
the various metallic oxides arranged according to the colours they 
impart to borax and microcosmic salt respectively; the second on 
the behaviour of metallic oxides and certain metallic acids, with the 
same reagents, this table being extracted from Plattner’s larger work. 
To this has been added by the compiler a second part, and which 
occupies more than half of the remainder of the book, containing the 
characters presented before the blowpipe of many of the most im- 
portant and frequently occurring mineral species, these being 
arranged according to the basic system; their chemical formulee are 
also given from Rammelsberg. The various minerals are usefully 
tabulated under the different bases, the blowpipe characters being 
arranged in eight columns, according to the phenomena presented 
either alone, or by the action of different reagents. This part is 
principally compiled from the work of Plattner, with additions from 
those of von Kobell and Rammelsberg. With these additions the 
work forms a useful and concise hand-book for the student, and is 
also valuable to those who cannot readily consult the larger and 
more important volume of Plattner, 

Some slight typographical errors occur, as Epromite for Epsomite, 
MOS for TO$; and at p. 129, under Silica, “‘ Nickel is present in the 
green anhydrous variety Ch/orophane,” instead, we presume, of Chry- 
soprase. ‘The reactions with nitrate of cobalt might have been more 
usefully extended, according to colour, than that given at p. 91. 
The compiler has verified many of the statements, and has supplied 
details (where in some cases deficient) from personal experiment ; 
circumstances prevented him from examining the metallic minerals ; 
but we do not see why on that account Mr. Blanford should regret 
being ‘‘ obliged to rely principally on the authority of Professor Platt- 
ner,” the first of assayists, instead of his own observations. 
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dee following communications were read :— 

*On various Pheenomena of Refraction through Semi-lenses 
or Prisms, producing anomalies in the illusion of Stereoscopic 
Images.” By A. Claudet, Esq., F.R.S. 

The author having observed that photographic pictures represent- 
ing flat surfaces, when examined in the refracting stereoscope, have 
the appearance of concavity, has endeavoured to discover the cause 
of that pheenomenon, and to explain it. 

In order to ascertain if this peculiar effect was attributable to 
some imperfection in the lenses of the camera obscura which had 
produced the photographic pictures, or to a property of the stereo- 
scope itself, he began to test the stereoscope without photographie 
images. For this experiment he placed under each tube of the ste- 
reoscope a diagram composed of vertical and horizontal lines crossing 
each other. 

The two diagrams, perfectly identical when seen in the stereoscope, 
coalesced and formed only one figure; but although each diagram, 
when seen separately by its corresponding eye, appeared perfectly 
flat, still the coalescing image of the two presented a surface con- 
spicuously concave ; consequently there was no doubt that the same 
illusion observed in photographic pictures was due only to the effect 
of the stereoscope. This experiment was decisive, and it remained 
to discover how the illusion was produced. The investigations 
showed that the phenomenon, which is a defect detrimental to the 
beauty and correctness of the stereoscopic representations and un- 
avoidable in the refracting stereoscope, is a plain illustration of the 
eause of relief and distance, and yield the clearest explanation of the 
stereoscopic illusion,—proving that it is founded on the true prin- 
ciples of natural binocular vision. 

When we look through a prism placed near the eye at a straight 
line, the refracting edge of the prism being parallel with the straight 
line, that line is refracted laterally and appears bent, with its con- 
cave side turned to the thin edge of the prism. The two tubes of 
the stereoscope being supplied with semi-lenses acting as prisms, each 
lens bends all vertical straight lines, and the concave sides of these 
lines are turned towards the thin edges of the lenses, and conse- 
quently towards each other. When we examine in the stereoscope 
two curved lines having their concave sides turned towards each 
other, the result of the coalescing of these two lines is a concave line, 
the extremities appearing nearer and the centre further. If the con- 
vex sides are turned towards each other, the result of the coalescence 
is a convex line, the extremities appearing further and the centre 
nearer. By the same reason, if straight lines are bent by the pris- 
matic refraction of the two semi-lenses, as the bending is effected so 
that the concave sides are turned towards each other, the result is by 
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coalescence a concave line. The two photographic images will have 
all their vertical lines bent in the same manner, and the stereoscope 
will give the illusion of a picture represented on a concave surface. 

When we look at natural objects, the optical axes have to con- 
verge more for the nearest than for the furthest, in order to obtain 
a single vision by brmging the same object on the centre of each 
retina; therefore by habit we judge of the distances by the angle 
formed by the optical axes required to obtain a single vision. Again, 
while we look at one object, while other objects in the same line are 
situated before and behind that object, we have the sensation of 
their double images on the two retinee. The double images of nearer 
objects are situated in the following order: one on the right of the 
centre of the right retina, and the other on the left of the centre of 
the left retina; and the double images of further objects, one on the 
left of the right retina, and the other on the right of the left retina. 

In looking at the two pictures in the stereoscope, we have to con- 
verge the optical axes on one point which is beyond the plane of the 
pictures, so that two of their correspondent or similar points appear 
respectively on the two lines forming the angle of convergence of the 
optical axes, and each of these points is represented on the centre 
of one retina. As the two corresponding points of the two pictures 
are laterally nearer each other for the first plane and more distant 
for the receding plane, it follows that the optical axes have to con- 
verge beyond the plane of the pictures on a nearer point for the first, 
and on a further point for the last. Therefore, the angle of con- 
vergence by which similar points of the two pictures appear on each 
axis and consequently fall on the centre of each retina, conveys the 
sensation of their respective distances; more convergence indicates 
less distance, and less convergence more distance. All the other 
corresponding points of the two pictures which are not on the op- 
tical axes or on similar points of the two retinee, form double images ; 
and when we look at one point, all the points of nearer and further 
planes appear double in the same order on the two retine, as when 
we look in like manner at natural objects ; and the situation of double 
images seen through the stereoscope indicates the distances of the 
objects they represent, according as one is on the right of the right 
retina and the other on the left of the left retina, or one on the left 
of the right retina and the other on the right of the left retina. 

This being explained, it is easy to understand what will be the 
stereoscopic result of vertical lines represented as curved, and having 
their concavities turned toward each other. The two correspondent 
points of the top and bottom of the two concave lines, being nearer 
each other, will require more convergence than the two correspond- 
ent points of the centres of the concave lines, and will appear nearer, 
whilst the two points of the centre requiring less convergence will 
appear further ; the intermediate points from the centres to the extre- 
mities of the two bent lines will appear gradually less distant, there- 
fore the coalescence of the two lines bent laterally will produce the 
illusion of a single line conspicuously concave, in a vertical plane at 
right angles with the plane of the two separate lines. 

Having demonstrated that the semi-lenses of the stereoscope, like 
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prisms, bend laterally all the vertical lines of which the photograph 
pictures are composed, and that these lines in the two pictures pre- 
sent their-concavity to each other, it is evident that the coalescence 
of the two images must give the illusion of a concave image. 

The phenomenon of the lateral curvature given to vertical lines by 
the refraction of a prism, which vertical lines, when examined with 
two prisms, one for each eye, appear by coalescence as one line con- 
cave in a vertical plane at right angles with the plane of the two 
separate bent lines, can be curiously illustrated by the following ex- 
periment :— 

If, holding in each hand one prism, the two prisms having their 
thin edges towards each other, we look at the window from the 
opposite end of the room, we see first two windows with their vertical 
lines bent in contrary directions ; but by inclining gradually the optical 
axes, we can converge them until the two images coalesce, and we 
see only one window ; as soon as they coincide, the lateral curvature 
of the vertical lines ceases, and they are bent projectively from back 
to front: we have then the illusion of a window concave towards the 
room, such as it would appear reflected by a concave mirror. 

There is another phenomenon which can be noticed when looking 
at photographic pictures in the stereoscope ; sometimes the picture 
appears to project out and sometimes to recede from its mountings. 
The first effect lessens the illusion, and the second renders it more 
effectual ; therefore it is desirable to inquire how we can avoid the 
one and ensure the other. 

We know that the distance of objects is in an inverse ratio with 
the angle of convergence required to see them single; also that with 
symmetrical figures or photographic pictures, when the horizontal or 
lateral distances of the several corresponding points is different, the 
points less separated will appear nearer, and the more separated will 
appear further. 

Suppose the two correspondent vertical lines of the openings or 
frames of the pictures be more distant than the two correspondent 
points of the furthest plane of the pictures themselves, then the open- 
ings or frames will appear behind the pictures ; and suppose the cor- 
respondent vertical lines of the openings be less distant than the two 
correspondent points of the nearest plane of the pictures themselves, 
then the openings or frames will appear before the picture. 

Therefore, when we wish to have the picture appearing behind the 
openings or their mountings, we have only to take care that the cor- 
respondent vertical lines of the mountings should be laterally less 
distant than the two correspondent points of the first plane of the 
picture. This can be easily done by taking the measure of the two 
correspondent points of the first plane by means of a pair of com- 
a and tracing the two pairs of correspondent. vertical lines 

ounding the openings, after having slightly reduced the angle of 
the compasses. 

A very simple experiment may show the cause of the illusion of 
concavity of flat surfaces when examined through semi-lenses, and 
further prove that semi-lenses may give alternately the illusion of 


74: Royal Society :— 


concavity and convexity according to the position of their thin edges ; 
of concavity when their edges are towards each other, and of con- 
vexity when they are placed contrariwise. For this experiment we 
have only to employ a pair of those spectacles mounted with a spring 
whereby they are held on the nose. 

When we read, holding such spectacles with both hands, we may 
by the elasticity of the spring adjust the two lenses so that the pupils 
of the eyes can coincide, first, with the two nearest edges, secondly, with 
the two centres, and thirdly, with the two furthest edges of the lenses. 

In the first case, the-page of the book will appear concave, because 
the pupils will look through the thin edges of the lenses which bend 
the vertical lines with their concave sides turned towards each other ; 
in the second, the page will appear flat, because the pupils will look 
through the centres of the lenses which show the vertical lines per- 
fectly straight ; and in the third case, the page of the book will ap- 
pear convex, because the pupils will look through the thin edges of 
the lenses which bend the vertical lines with their convex sides turned 
towards each other. 

These considerations have led the author to construct a stereo- 
scope which presents flat surfaces perfectly flat. This new stereo- 
scope has two entire lenses instead of two semi-lenses, and the eyes 
look through the centre of such lenses. The images not being late- 
rally refracted, as in the semi-lenticular stereoscope, their coalescence 
requires a certain effort of divergence, or to squinting outwards, 
which a little practice will enable us to perform easily. Persons 
capable of using this kind of stereoscope will see a picture whose 
surface is perfectly flat with all the illusion of relief and distance. 

All lenses being more or less subject to the defect of bending 
straight lines when refracted by all the various points of their surface 
but the centre, and in a greater degree as those points are nearer the 
edges, it results that when images are produced in the camera ob- 
scura by the various points of the whole aperture, they will be bent 
in various contrary directions, and a certain confusion must arise 
injurious to the delicacy and correctness of the whole compound 
image. This may be proved by the following experiments :—If we 
take the image of a window by a small aperture placed on the right 
edge of a lens, say of 3 inches aperture, and another image of the 
same window, by placing the aperture on the left, taking care to shift 
the camera so that the two apertures will be exactly on the same 
line, we shall have two images of the same window apparently iden- 
tical ; but in placing these two images side by side in the central lens- 
stereoscope above described, first the image of the left side aperture 
on the right, and that of the right side aperture on the left, secondly 
the images vice versd, we shall see in the first case a concave window, 
and in the second a convex window. But in examining the two 
images in the semi-lenticular stereoscope, we shall see in one case a 
concave window, and in the other a perfectly flat window, because 
in the first case the stereoscope will have increased the bending of 
the vertical lines of the two images, and in the second the stereoscope 
will have corrected the bending. 
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This fact naturally suggests the possibility of correcting the defect 
of the refracting stereoscope; for if the images of the camera were 
taken by semi-lenses, the bend resulting from this mode of operating 
might be corrected by the bend of the stereoscope, care being taken 
to turn the thin edge of the semi-lenses of the two cameras in the 
direction which will produce a bending contrary to that of the semi- 
lenses of the stereoscope. 

Having shown how the lateral proportional distances of any two 
correspondent points of the two stereoscopic pictures are the indices 
of their perspective distances, if we were, while looking in the stereo- 
scope, to produce a change in those proportional lateral distances by 
sliding horizontally in a contrary direction, two pairs of superposed 
glass photographie pictures, the objects would appear to move, not in 
the horizontal lateral direction of that change which they naturally 
have, but in a straight line forward and backward, as if the object 
was approaching or receding. 

But the most curious effect of that motion would be, that the objects 
would appear increasing in size while they were receding, and diminish- 
ing while approaching, which we know is contrary to the rule of 
perspective. This is another illusion entirely physiological, and the 
cause of which may be thus explained ; while the object appears 
moving forward and backward it remains always the same size, but 
as we expect when it moves forward that it should increase in sizes 
and when it moves backward that it should decrease, and as it does 
not, we feel that it is diminishing when approaching and increasing 
when receding. 


« A Memoir upon Caustics.” By Arthur Cayley, Esq., F.R.S. 

The principal object of this memoir, which contains little or nothing 
that can be considered new in principle, is to collect together the 
principal results relating to caustics in plano, the reflecting or refract- 
ing curve being a right line or a circle, and to discuss with more 
care than appears to have been hitherto bestowed upon the subject, 
some of the more remarkable cases. The memoir contains in parti- 
cular researches relating to the caustic by refraction of a circle for 
parallel rays, the caustic by reflexion of a circle for rays proceeding 
from a point, and the caustic by refraction of a circle for rays pro- 
ceeding from a point; the result in the last case is not worked out, 
but it 1s shown how the equation in rectangular coordinates is to be 
obtained by equating to zero the discriminant of a rational and inte- 
gral function of the sixth degree. The memoir treats also of the 
secondary caustic or orthogonal trajectory of the reflected or refracted 
rays in the general case of a reflecting or refracting circle and rays 
proceeding from a point ; the curve in question, or rather a secondary 
caustic, is, as is well known, the Oval of Descartes or ‘ Cartesian :’ 
the equation is discussed by a method which gives rise to some forms 
of the curve which appear to have escaped the notice of geometers. 
By considering the caustic as the evolute of the secondary caustic, it 
is’ shown that the caustic in the general case of a reflecting or refract- 
ing circle and rays proceeding from a point is a curve of the sixth 
class only. The concluding part of the memoir treats of the curve 
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which, when the incident rays are parallel, must be taken for the 
secondary caustic in the place of the Cartesian, which, for the parti- 
cular case in question, passes off to infinity. In the course of the 
memoir, the author reproduces a theorem first given, he believes, 
by himself in the Philosophical Magazine, viz. that there are six 
different systems of a radiant point and refracting circle which give 
rise to identically the same caustic. The memoir is divided into 
sections, each of which is to a considerable extent intelligible by 
itself, and the subject of each section is for the most part explained 
by the introductory paragraph or paragraphs. 


GEOLOGICAL SOCIETY. 
[Continued from vol. xii. p. 482.] 
November 19, 1856.—Col. Portlock, President, in the Chair. 


The following communications were read :— 

1. “On the Occurrence of crystallization in Stucco.” By Dr. 
Buist. Communicated by Sir R. J. Murchison, F.G.S. 

The author remarked that in the spring of 1848 a quantity of 
fragments of plaster-castings which he had thrown out of doors 
were, after exposure to the atmosphere and rain, before long covered 
with crystals of selenite. Specimens, communicated by Dr. Buist, 
were exhibited, together with calcareous casts of shells and tubular 
bodies, from the upraised beaches of the coast of India, which the 
author sent and described as exhibiting other interesting instances 
of alteration in molecular arrangement. 


2. «On the Occurrence of Allophane at Charlton, Kent.” By 
J. Morris, Esq., F.G.S. 

The author described the circumstances under which allophane 
occurs in the fissures of the Chalk near Woolwich, and pointed out 
that its formation was evidently of later date than the disturbances 
of the Chalk and the overlying Thanet sands, and of the determina- 
tion of the present physical features of the district. 

An analysis made by Mr. Dick gave the following composition :— 

Silica 18°89, alumina 33°52, water 42°73, lime 1°67, carbonic acid 
2°51, organic matter, a trace. 

Mr. Morris suggested that this allophane was probably due to 
the percolation of atmospheric waters through the superficial de- 
posits, and the sands immediately overlying the chalk; and he 
pointed out that probably Scarbroite (or Kollyrite), Pholerite, and 
several other allied hydrosilicates of alumina should not be regarded 
as distinct mineral species; the slight variation in their chemical 
formule having been probably determined by the local conditions 
under which each of them originated. 

3. ‘‘On the Red Sandstones and Quartzites of the North-west of 
Scotland.” By Prof. James Nicol, F.G.S. 

The district described in this communication stretches, N.N.E. 
and §.S.W., from Cape Wrath and Durness to Sleat, the southern 
portion of the Isle of Skye, with an extent of more than 100 miles 
and a breadth of from 15 to 30 miles. Its structure was illustrated 
by transverse sections afforded by Loch Broom, across the centre of 
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the district, by Loch Assynt, the Kyles of Durness, and Loch 
Eriboll, on the north, and on the south by Lochs Greinord, Gairloch, 
Maree, Keeshorn, and Carron, and by a section of the southern part 
of Skye. These sections present more or less uniformly the follow- 
ing ascending series of rocks, which, excepting the lower gneiss, 
have in general an inclination towards the S.E.:—1. Gneiss, with 
some granitic veins, and having a general N.W. and S.E. direction. 
2. Red conglomerates, grits, and sandstone, lying unconformably 
on the gneiss, and exposed along a tract of about 20 miles in width: 
these beds are at least 3000 feet thick, but rapidly thin off eastward. 
3. White quartzite, unconformable to the red sandstone, and fre- 
quently accompanied by an overlying, hard, dark-coloured, siliceous 
limestone; these form a band about 10 miles wide, and are in places 
at least 500 ft. thick. 4. Gneiss, occasionally of a different character 
from the lower gneiss, and distinctly seen at many localities to over- 
lie the quartzite. Gneiss also constitutes the country to the eastward. 

These rocks, with occasional serpentines, porphyries, and other 
igneous rocks, were described in detail; and it was stated that the 
red sandstones (No. 2) were apparently unfossiliferous; that the 
quartzite presented some obscure evidences of organic remains ; and 
that the limestone at Durness had furnished some univalve shells, 
such as Euomphalus and Orthoceratites, besides other indistinct 
fossils, first observed by Mr. Peach. 

The author pointed out that the red sandstones and conglomerates 
(No. 2), occurring along the district described, decidedly form parts 
of one series, and that, in his opinion, they are referable to the 
Devonian age, whilst the overlying and unconformable quartzite and 
limestone (No. 3), judging from their position and mineral character, 
represent the Lower Carboniferous series of the South of Scotland ; 
although in this he necessarily differs from Sir R. I. Murchison’s opi- 
nion, that the beds in question represent a part of the Silurian series. 

Prof. J. Nicol alluded to the difficulty of accounting for the super- 
incumbent position of the gneiss, No. 4, which overlies the above- 
described sedimentary rocks on the west, whilst a similar rock 
underlies the true Old Red formation on the east, in Caithness. 
Assuming, however, the continuity of the great mass of gneiss, he 
points to certain igneous rocks, and other local evidences of disturb- 
ance along the eastern limit of the quartzite, which may have resulted 
in the forcing up of a portion of the lower gneiss over the sedimen- 
tary beds; whereas, on the other hand, the great degree of alteration 
visible in the upper limestone and quartzite rather indicates, in his 
opinion, that a metamorphosis in situ has affected the uppermost beds 
of the series. 

The author concluded with a sketch of the physical changes which 
this district must have successively undergone, from the deposition 
of the conglomerates to the period of the elevation of these High- 
lands into the region of ice and snow, and of the formation of 
enormous glaciers among their ravines, traces of which still remain 
in the ** perched blocks” and local accumulations of drift, and in the 
highly-polished surfaces of their hardest rocks. This period was 
followed by subsidence, and by a still later partial elevation. 
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XII. Intelligence and Miscellaneous Articles. 
THE TELESCOPIC STEREOSCOPE. 
To the Editors of the Philosophical Magazine and Journal, 


GENTLEMEN, 
Bae you will allow me a corner in your next Number to 
say that I have recently succeeded in constructing what I 
believe to be a new form of the stereoscope. Its object is to unite 
large binocular photographic pictures in a different way from any 
that has hitherto been followed. 

The pictures are placed side by side, and viewed through two 
small telescopes, like those of opera-glasses, with the directions of 
their axes crossing each other; the left-hand picture being viewed 
with the right eye, and the right-hand picture with the left eye. The 
two telescopes are connected together, the connecting apparatus 
being capable of two adjustments; one to suit the width of the eyes, 
and the other to give the obliquity required. When the instrument 
is placed on a stand, asI have it, two other adjustments are required ; 
the first to bring the telescopes to the proper elevation, and the second 
to bring the plane of their axes into parallelism with the upper or 
lower margins of the pictures. 

The instrument is constructed in such a way that these adjust- 
ments are made with great facility ; and when he pictures are united, 
the effect is excellent. 

If you have any reason to suppose that the instrument is not new, 
I will thank you to commit this to the flames; but if otherwise, I 
will trouble you with a more comlpete description in your succeed- 
ing Number. 

In the mean time, on the supposition that I have the priority in this 
instance, I propose to call the instrument the Telescopic Stereoscope. 

I need scarcely say that the pictures to be viewed are transposed 
from their usual position when viewed in the lenticular stereoscope, 
that which usually occupies the right side being placed on the left, 

Of course the telescopes must be of the same magnifying power, 
and in every respect alike. 

I am, Gentlemen, 
1 St. Vincent Street, Edinburgh, Your obedient Servant, 
December 12, 1856. James Exvxior. 


ON THE COLORATION OF THE MOON DURING ECLIPSES. 
BY M. FAYE. 


It is well known that the portion of the lunar dise which is im- 
mersed in the cone of the shadow of the earth still receives rays 
refracted by our atmosphere, and that it then appears tinted with a 
copper-red, or rather brown, the shade of which is rather difficult to 
define. 

The last eclipse has given me the opportunity of ascertaining that 
this tint is not real, or at least that it is greatly altered by an effect 
of that simultaneous contrast of which Chevreul has made known 
the laws, and of which he has lately brought an interesting example 
before the Academy. It was sutlicient for me to cover the non- 
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eclipsed portion of the moon by a distant obstacle, such as the pro- 
jection of a roof or the cornice of a chimney, to see the colour of the 
eclipsed portion change its tint completely ; instead of a brownish- 
red, I only saw a bright rose-colour, identical with that which so 
often tints elevated clouds at the rising or setting of the sun. 
The peculiar colour which sullies this beautiful tint when we look 
at the entire moon in an incomplete eclipse, is therefore an effect of 
contrast due to the yellowish tint of the ordinary light of our satellite. 

As to total eclipses, if the reddish-brown tint persists notwith- 
standing the want of all contrast, it is because an effective mixture 
then takes place of the rose-coloured rays with the violet rays, which 
are more refrangible and more abundant towards the centre of the 
shadow. The cause is different, but the effect the same.—Comptes 
Rendus, November 2, 1856, p. 832. 


METEOROLOGICAL OBSERVATIONS FoR Noy. 1856. 

Chiswick.—November 1. Uniform haze: cloudy. 2, Foggy: cloudy: hazy. 
3. Uniformly overcast : very fine. 4. Foggy: very fine. 5. Foggy: light clouds : 
fine: frosty. 6. Frosty, clear and cold: cloudy. 7. Cloudy: overcast: densely 
clouded. 8. Densely clouded: rain. 9. Clear : cloudy and fine. 10. Slight rain. 
11. Fine, but cold: cloudy and cold. 12. Cloudy : white clouds and clear inter- 
vals. 13. Fine, but cold: rain, 14. ‘Clear and cold. 15. Frosty: fine: slight 
rain. 16. Clear and frosty: fine: sharp frost. 17. Frosty and foggy : dense fog 
throughout. 18. Slight fog: very fine: rain. 19. Rain: very fine. 20. Densely 
clouded. 21. Drizzly: hazy: cloudy. 22. Overcast: cloudy and mild. 23, Uni- 
formly overcast: cloudy and fine. 24. Cloudy and fine. 25. Densely overcast ; 
clear, cold, and dry. 26, Hazy: rain and sleet. 27. Very fine. 28. Cloudy: 
hazy: cloudy. 29. Sharp frost : clear: frosty. 30. Sharp frost : clear : fine. 


Mean temperature of the month ....-....++ Sieasasaeerere cess ven 9°30 
Mean temperature of Nov. 1859  .....+s+:sssreeees Sppasceecnart - 40 °91 
Mean temperature of Nov. for the last thirty years ....++....6+ 42 -93 
Average amount of rain in NOV. «+++++++--+++54+ ea Fornca verse» 2°313 inches. 


Boston.—Nov. 1. Cloudy: rain aM. 2, 3. Cloudy. 4. Foggy. 5. Cloudy. 
6,7. Fine. 8. Cloudy: rain a.m. andp.m. 9,10. Fine. 11. Cloudy: rain P.M. 
12. Cloudy: rain a.m. and p.m. 13. Cloudy. 14—16. Fine. 17. Cloudy. 
18. Fine: rain a.m. 19. Cloudy: rain a.m. 20. Fine. 21. Cloudy. 22, Fine: 
rain A.M. 23. Cloudy. 24. Fine: rain P.M. 25. Fine. 26. Fine: snow A.M. 
27. Cloudy. 28, 29. Fine. 30. Fine: snow P.M. 

Sandwick Manse, Orkney.—Nov. 1. Clear, fine A.M.: cloudy, fine P.M. 2. 
Showers A.M.andp.m. 3. Bright a.m. : cloudy p.m. 4. Cloudy a.m. : clear, fine, 
aurora P.M. 5. Fog a.M.: cloudy P.M. 6. Hazy, fine a.m.: clear, fine P.M. hs 
Hazy, fine a..; fine, drops P.M. 8. Showers A.M: cloudy, dropsP.m. 9, Showers 
‘a.M.: sleet-showers P.M. 10. Snow-showers A.M.: sleet-showers P.M. 1I11. 
Snow-showers A.M.: hail-showers P.M. 12. Cloudy A.M.: clearp.M. 13. Showers 
A.M.: hail-showers P.M. 14. Snow-showers 4.M. : hail-showers p.M. 15, Showers 
‘A.M.: snow-showers p.m. 16. Cloudy 4.M.: drizzle p.m. 17, Showers a.M. 
and p.m, 18. Cloudy a.m.: showers P.M. 19. Showers a.M.: cloudy P.M. 
20. Cloudy a.m.: drizzle p.m. 21. Drizzle a.M.: rain p.m. 22, Rain a.m.: 
drizzle p.m. 23. Dampa.M.: drizzler.m. 24. Drops A.M.: hail-showers, drift p.m. 
25. Snow-showers A.M.: cloudy p.m. 26. Cloudy a.m.: rain p.m. 27. Showers 
A.M.: snow-showers P.M. 28. Hail-showers A.M. ande.m. 29. Hail-showers A.M. : 
hail-showers, drift p.m. 30. Bright a.m. : hail-showers P.M. 


Mean temperature of Noy, for previous twenty-nine years ,.. 42°°67 
Mean temperature of this month — ...+++++. Moaas conaaiandaas Meese 40 *22 
Mean temperature Of Nov. 1855 ...csseseeeersseeeestenesessecers 43 49 


Average quantity of rain in Noy. for previous sixteen years ..- 4:11 inches, 

The mean temperature of the room in which the barometer is kept was 59°, 

and the height above the sea-level is 100 feet, so that the observations can be 
reduced to 32° and sea-level if required. 


19.¥ | 19.1 | ¥6.0 €2.6£ |xZ.ov] 9.8€ |og.oflog.2b| 706.62 363.62 $9.62 $96.62 gSo.0f |} ‘uray 
OF, [redeeeeeriercevrees| orp Lemmm| om | $62 | of] 92] Preale St 83.67 33.62 0S.6z 2$L.6z ob6.6z “of 
09. “mu | mM 1£ | of | G.oz] ox | LE oL.6z 29.62 £4.62 $69.62 2cL.6z 62 
61. “mu | cm | ££ | zl | 6.Sz! 6r- | .of 9$.6z 9$.6z zb.6z 089.62 LzL.6z “92 
ot. me HP em YL SES) ES SE) bz | oS LE.6z 35.62 97.62 309.62 gz9.6z L7@) 
TE, = |*sgeceaes|) (GY. "s *s | mu] €& | Sof | S.of| 6c | oF LS.6z 99.62 gf.6z 0SS.6z 1$9.6z ‘9% 
Tie | <9" ||*° ua “ul nea Oe z£| gz | oF 68.62 76.67 $9.62 0L6.6z gio.o£ Sz 
LS 0 eA ta a Les 168 BSt| Peel eO Ss: 08.62 79.67 Lz.6z ggl.6z 258.67 “bz 
of, Bor lceste**" lame loom em | gv i) Fos €S| 6b | ZS gv.6z 09.62 LS.6z 936.62 gtr.of£ fz 
Woe, 1|"teccees[secce" nr lmaeAty foneAn tA IP lig A) OBE ORLY | obport aa a oL.6z $L.6z LL.6z Lgt.o£ 117.0 Zz 
oz. eeedans eas leec an it SU spe sce} 5 Sb| fv | 2 34.62 98.62 0g.6z TLI.0£ gbz.0£ Iz 
ol. 10. “mw MUM | an | gv | Shp | Ly] of | £S 06.62 $9.62 gS.62 696,62 780.08 Oz 
of | Zo. | zo. | -m |:msm} emu | ZY | $84} ob! gf | 1S L9.6z £2.62 99.62 $zo,0£ $Lo.of 61) 
+1. £0. | go. ‘s |tmul co | Sof | She 65: Og aes 63.62 St.0f 01.62 zvo,0€ ogt.of “gr 
to. zo. | ‘ouu| “ms | ‘uo SE al) val Sebel gc amou 36.62 08.6z 0g.6z gor.of£ gS1.0£ “LE 
zi. sseeeee) omg | MT |. “Wl by | of ££| zz | Lb 98.62 Lo.o€ 13.62 of1.0£ 6¢z.0€ “gl 
Sz. [ere| zo. |emuu mum] om | PE | 208 fi-2 |_&P Z0.0£ gL.6z oL.6z 636.62 ovo.o£ “Sr 
Logs)?" seseoise case 255) TTL, ME AATEUC “UL Shey ciate €£| Se | <P £6.62 £8.62 $5.62 68.62 g00.0£ “br 
go. gz. | vo. | ‘mu | smu jcmu] If | by SE of | Sv 7g.6z $9.62 $5.62 961.62 £98.62 “x 
soseauess| Com |e ‘mun ‘muu| ‘m | gf | $66 | S.SE) of | bb 13.62 £6.62 ov.6z 289.62 $EL.6z 210 
OSs a aeares |S o; uM (‘MUU} ‘oO gt | SZé gf| ve | Sb 66.62 39.62 Lo.6z gbt.oz ogt.6z ‘IL 
To) | REE bal fo mu (‘aud ] ‘o gt | Sb§ gf| Sz | Sb 09.62 35.6% $2.62 f1b.62 bs .6z *O1 
So. | es Io, |*mu |*muu] ‘as | o£ | ob | of] rf | 1S 61.62 0g.6z £2.62 ££9.62 6g0.0€ “6 
St. St. | -*m | ‘mu | cms | gv | SSb | 6£) 62 | oF v0.08 Z1,08 16.62 611,08 6LE,0£ 8 
to, eccmeseer WARS is MM | com |= OP =! «Biv gt| LE | 64 78.08 64.0£ £7.08 $£S.08 oLS.of£ oL 
irsesteslesseateealerseeeenel evens | co | com | ob | Sob | S.gf| 16 | Lb | $5.08 gt.of Sr.0f | SSbof | gSS.0f | <9 
piss smmees|* sHaagen< te *<saets ee | UTED). “Oo gb | fr gv| zz | 6+ LE.o£ o£.0& 00,08 6S£.0€ 11b.o£ KG 
‘as | cas | ‘ms | $54 | Sb | S.bb] of | 2S $z.of g1.0f 08.62 g6r.0£ Irf.o£ + 
2 | mu | ‘ms | fb | rh LY|- O85) StS 1I,0£ $z.08 LL.6z 1 6L1.08 ZIZ.O€ "f 
‘au | myeo| *m | bh] €S 1S| 6€ | gS 17.08 Lo,0f 73.6 £27.08 gof.of aa 
deeies9*s|\Qbior To, |*mss| ‘m | ‘ms | 215 | gt bo Ve) aoe Lt.0€ g1.0f £3.62 £1£,0€ 6S£.0£ =¥ 
Ee Bs 2 ES > la e vad y #6) SE | ta |x] cord fe ‘ore $6 ey “UN ‘XBT a 
ze | s- | 4 |22/ 8 | #2 |_| 8s 28 
Rt | OF F |e | F F ol tei FP | ssoussto ‘yormpurs ‘ouxI0 BP *OEMSIITO “qqa0ge 
“Urey “pum *LOJIUMLOULIOT,T, *IOJOULOIV iad sae 


‘AUNMUG “asunpyy youmpung yo “uoysno[yD ‘CO ‘Ady ay7 fg pun SNOLSoOg yn Twa, “wy Ag 
fuopuo'y vau “MOIMSIH 70 fiza1a0g youngynar210F] ay2 fo Uapsvy yz jo vosdmoyy, “Ay hg apow suownasasggQ jnovboj0.00;0 7 


THE 


-* LONDON, EDINBURGH anv DUBLIN 
PHILOSOPHICAL MAGAZINE 


AND 


JOURNAL OF SCIENCE, 


[FOURTH SERIES.] 


FEBRUARY 1857. 


XIII. On the Electric Conducting Power of the Metals of the 
Alkalies and Alkaline Earths. By A. Martuizssen, Ph.D.* 


[With a Plate. ] 


HE electric conducting power of one of these metals, potas- 
sium, was determined by Becquerel about thirty years agot ; 
he found its ratio to that of silver to be 1:7: 100, whereas ac- 
cording to my experiments this ratio appears to be 22°6: 100. 
He, however, is not sufficiently explicit in the description of the 
method he employed for one to ascertain the cause of this great 
difference in our results. Latterly, after my experiments on the 
alkaline metals were finished and the results already printedf, 
M. Lamy§ published a notice on the electric conducting power 
of potassium and sodium, wherein he only states the place in the 
series these two metals take compared with those whese conduct- 
ing powers are already decided ; in this respect his results agree 
with mine. 

For these experiments I employed wires formed by pressure. 
The press consisted of a small block of steel, the section of which 
(Plate I. fig. 1) shows it of its natural size. In the hole, which 
ends in a fine round opening, the metal is placed, and the steel 
piston being fitted on, the press is fixed between two small iron 
bars, which are then placed in a vice. Potassium, sodium and 
lithium, on account of their strong tendency to oxidation, were 
pressed immediately in a trough filled with rock-oil, the oil 


’ * Communicated by the Author. 
+ Annales de Chimie et de Physique, vol. xxxil, p. 420. 
{ Phil. Mag. September 1856. 
§ Comptes Rendus, vol. xliii. p. 695. 
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having been previously boiled in small portions at a time with 
metallic sodium to make it perfectly dry and free from oxygen. 
Fig. 2 shows the process of pressing the wires. Here we have 
the vice and the iron bars mentioned above, the latter connected 
at the upper end in such a manner as to permit the pressure of 
the vice to act on the steel press which is held between them at 
the lower end within the trough of rock-oil; the bar which is in 
contact with the block of the press has an aperture through 
which the wire can pass. As soon as the wire appears it is laid 
hold of with pincers and inserted in a wire-holder, consisting of 
two pieces of hard brass whose extremities are riveted at one end 
to a thick copper wire, and press together at the other, as shown 
in fig. 3; the copper wire is bent and fixed in the block of wood 
i, fig. 2. The wire-holder was moved back and the wire increased 
until it had attained the desired length, when it was cut off from 
the press and fastened in the second wire-holder, the press and 
bars being removed. In the trough a plate of glass was sup- 
ported in such a position that the wire lay upon it, in order to 
prevent the latter from distending through the effect of its own 
weight: this precaution was especially necessary with potassium, 
on account of the warmth of the weather in which the experi- 
ments were made. To prevent as much as possible the absorp- 
tion of the oxygen of the air by the rock-oil, a plate of glass was 
placed over the trough as soon as the second end of the wire was 
secured: fig. 4, representing a section of the trough, shows how 
this plate was supported, allowing at the same time the free 
movement of the wire-holders. 

As wires of calcium, strontium, and magnesium cannot be 
obtained without the aid of heat, a glassblower’s gas-lamp was 
brought to bear on the press whilst under pressure between the 
jaws of the vice; a layer of asbestos placed between the press 
and retaining bars prevented these from conducting the heat 
away. With this arrangement I have even been able to press 
tellurium, antimony, and bismuth wires, to whose conducting 
powers I shall shortly return. 

The calcium and strontium wires were pressed into a tube 
filled with rock-oil, which was held before the opening of the 
press, so that the metal had only the distance of a few milli- 
metres to pass through the air; m the case of magnesium the 
rock-oil was not necessary. As soon as the wires had attained 
their desired length in the tubes, they were removed into the 
trough of rock-oil mentioned above, where the wires were taken. 
out of the tubes, scraped at the ends, and fastened in the wire- 
holders as before described. 

The method by which the electrical resistance was determined 
was that given by Mr. Wheatstone, modified by the use of an 
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apparatus constructed by Prof. Kirchhoff. The principle of Mr. 
Wheatstone’s method is as follows :—When four wires form the 
four sides of a quadrilateral figure, with one of the diagonals of 
which a battery is connected, and with the other a galvanometer, 
if no current be indicated by the latter, the resistances of the four 
sides are proportional. Suppose, then, the first of these wires to 
be of the metal whose resistance is sought ; the second, a che- 
mically pure silver wire; and the third and fourth, parts of a 
copper wire stretched on a strip of wood, and separated from 
each other by a block of lead with a shield of copper on one side, 
which moves along the wood, keeping the edge of the copper in 
contact with the wire, and that a wire of the same metal connects 
this shield with the galvanometer. Then if no current passes 
through the latter, we have the ratio of the electric resistances 
of the wire under observation, and the normal silver wire iden- 
tical with that of the parts of the copper wire divided by the 
shield, which is easily read off by means of a scale affixed to the 
wood. 

- The arrangement of the apparatus is shown in fig. 5. The 
strip of wood, A, about 4 inches wide and 1 inch thick, has two 
binding screws, a and a’, at its middle point; these hold the two 
ends of a copper wire about 1 millim. thick and nearly twice the 
length of the wood, on the surface of which it is stretched, pass- 
ing round the pegs s and s! at the extremities; on the wood is. 
fixed a scale, by means of which the ‘length of the two parts of 
the wire divided by the shield may be read off; the shield, d, is 
connected with the galvanometer, g, by a spiral wire. At the 
point ¢ in the copper wire near the binding screw 4, a wire Is sol- 
dered on, of which one end dips in the quicksilver cup g, and 
the other is connected with one pole of the battery K ; a similar 
wire is soldered on at the point c’ near the screw a’, the one end 
dipping in the cup g’, and the other passing to the second pole 
of the battery: in the same sinall block of wood in which are the 
cups g and g/, are two others, e and f, forming with the others 
the four corners of a square. With f one end of the normal silver 
wire is connected; this wire, wound round a piece of wood, is 
immersed in the cylinder N filled with rock-oil; both of its ends 
are soldered to thick copper wires, the one going to f and the 
other to hk. Two copper wires connect the cups e and / with the 
cups 7 and k, in which the wire-holders are fastened. From h 
another wire goes to the galvanometer. Above the block of 
wood containing the cups e fgg! is another small block, through 
which are passed two wires twice bent at right angles, so that the 
four ends fit in the cups below. With this arrangement we can 
connect either fy and eg' together, or eg and fg. At each of 
these positions of the commutator a quadrilateral figure of the 
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nature before specified is formed, whose angular points are cand 
c', the point of contact of the copper shield, and the quicksilver 
cup h. By altering, therefore, the position of the commutator, 
the relative position of the silver wire and the wire whose resist- 
ance we want is exchanged. In the scale on the wood the zero- 
point is equally distant from ¢ and ¢'; each division is 6°75 mil- 
lims.; the length of the wire from the zero-point to ¢ or ¢! is 
170°5 such divisions. 

Let 7 represent this number, L, the number indicated by the 
scale at the point of contact by the copper shield for the position 
of the commutator numbered 1, and L, for the position 2 of the 
commutator; then we have the ratio of the resistances of that 
branch containing the silver wire to that containing the wire in 
the trough 

pty id, 
PSL CPi. 


Let n represent the resistance of the silver wire, w that of the 
wire under observation, @ that of the wires making up the first- 
mentioned branch with the silver wire, and 4 that of those com- 
pleting the second branch ; then 

w+b 1+,  _J—-l, 


oie aK RO ay A 

In order from this formula to calculate w for the observed 
values of L, and L,, on the supposition that n is known, it was 
only necessary to determine a and d by preliminary experiments. 
This was done as follows :—In the place of wires of potassium, 
sodium, &c., under the same circumstances, silver wires from the 
same piece as the normal wire were fastened; let w! and w" be 
the resistances of two such wires, and L'; and LU"; the correspond- 
ing values of L,; then 

w+b 1+, w"'+b 1+", 


nta I—U, rr er ey me 9 


Taking the unit of electrical resistance to be that of ] millim. of 
the normal silver wire, we then call the values of n, w!, w" the 
lengths expressed in millimetres of the wires whose resistances 
they represent, and from the two equations we can calculate the 
values of a and b, For the experiments with potassium, sodium 
and lithium, these values were 


n=500'9, w'=492°4, w!'=594°2. 
These numbers express in millimetres the lengths of these 


three wires, from each of which 4 millims. having been subtracted 
to allow in the first case for the soldering on, for the others for 
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the fastening in the wire-holders, we had 
L,=—3:15, L';=11-55, 
from which we find 
a=59'4, b=47°5. 


For the experiments with calcium, strontium and magnesium, 
another normal wire and other connecting wires were used ; here 
we had therefore other values for n, a and d. 

When the resistance, w, is known in terms of our unit of re- 
sistance, we can determine the ratio we require as follows :—Let 
X be its conducting power, L its length in millimetres, 6 its dia- 
meter, 7 the diameter of the normal silver wire, and s the conduct- 
ing power of silver at the temperature at the time the observation 
was made, determined by a thermometer placed in the rock-oil 
contained in the cylinder N; then 


72T, 


=——.5. 
5? w 


Taking the conducting power of silver at 0° C. =100, then, 
according to Lenz’s formula*, it is at @ C., 


s= 100 —0-29254¢ + 0:00037762°. 


L was determined after the observation had been made by 
means of a beam-compass, 5 was found by measuring the fine 
opening of the press under the microscope. Lead wires pressed 
cold showed the same diameter as the opening of the press; we 
can therefore take it for granted that it was the same with po- 
tassium, sodium and lithium wires; with the hot-pressed. wires, 
calcium, strontium and magnesium, the diameter was measured 
directly under the microscope whilst the wire lay in rock-oil ; 
here we found the diameter inconstant, and always smaller than 
the opening of the press; the mean of the diameters of the two 
ends was therefore taken and brought into calculation. 

The results which were obtained with the different wires now 
follow. In the first two columns are the values of L, and L,, 
of which the arithmetical mean was taken; the third gives 
the temperature ¢ of the normal silver wire; the fourth the tem- 
perature T of the wire in the trough; the fifth the diameter 6 in 
millimetres; the sixth the length L, also in millimetres ; and the 
seventh the conducting power » for the temperature T, The 
yalues of 7, a, b, and r are also annexed. 


* Poggendorff’s Annalen, vol. xxiv. p. 433. 
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n=500°9, a=59°4, b=47°5, r=0°292 millim. 


Iy. Ia. #: bs 6 L. r- 

63-9 |—64-5| 17-7 | 18:5 | 0-321) 304-0] 20°08 

g || 61-6|—62-0| 17-7 | 185 | 0-321 | 285-7) 1957 
5 || 43:6)—44-6)| 17-7 | 185 | 0321) 230-6] 20-06 
24] 77-6|—77-6| 21-0 | 23-2 | 0-321 | 3945 | 21-17 
= 66°6 |— 66-6 | 21-0 | 22-0 | 0321} 341-9| 21-60 
a | —75°7| 75:3| 195 | 21:5 | 0-777 | 2763 | 21°82 
L|—74:0} 74:1) 19:5 | 21-0 | 0-777 | 281-9 | 21-67 

_ [| 30-2|—30:9| 21-2 | 22-5 | 0:321| 364-9) 37-45 

2 || 308|/—31-6| 21-2) 21-9 | 0321 | 366-0 | 37-25 
4} 41-0)/—41-4) 20-0 | 21-0 | 0321) 413-9} 37-21 
3 || 35:°0/-35-0] 21-0 | 21-9 | 0-321 | 392-2] 37-94 
[ 14-2|—14:3} 21-0 | 21-5 | 0-321 | 2948 | 37-29 
77°6|—77-6| 20-0 | 21-2 | 0-321) 353-7 | 15:05 
2 || 52-9/-52-9| 20-0 | 21-2 | 0321| 248-6] 19-08 
2 4| 36-4|—36-4/ 20-0 | 21-2 | 0-321) 1989] 19-00 
= || 69:3|—69-2| 17-7 | 19-7 | 0321) 310-1| 19-07 
4 L 41-6|—41:6| 17-7 | 19:6 | 0-321 | 208-7| 18-78 
n=591°5, a=10°3, 6=43°0, r=0°319 millim. 
. [|—315| 315] 17-0 | 165 | 0-432) 161-7| 22-62 
a £4|—446| 44-6] 17:0] 165 | 0-432| 126-4} 21-23 
O° [|—77-1) 77-1] 17-0 | 17-5 | 0-460| 90:7) 22:58 
tg 95°1|—95-1| 18-0 | 20-0 | 0-411] 250-1/ 6-88 
£24| 779|-779| 18-0] 197 | 0-411| 1805) 656 
a> 76°3|—76:3| 18-0 | 20-2 | 0:351| 130:8| 6-68 
3. (/— 187) 187) 17-0 | 167 | 0-453) 236-9 | 25°37 
£6 J|-45:2) 45°3| 17-0 | 167 | 0-453| 169-2) 26-08 
a= )|—21-3] 21-4] 17-0 | 16-0 | 0-453] 227-8| 25-32 
a 11-8/—11-8] 17-8 | 18-7 | 0319] 171-4] 25-10 


Of these numbers the mean of the values X for each of the 
metals has been taken, and considered to hold good for the mean 
of the temperatures T. In this way we find, the conducting 
power of silver at 0° C. being = 100, that of 


Sodium . . at 21°7 C. = 37-43 
Magnesium . 170) == 25°47 
Calcium , 16:3. =i22:14 
Potassium . 20°'4 = 20°85 
Lithium . . 200 =19-:00 
Strontium . 20:0; 24 =..6°72. 


The potassium and sodium used for the experiments were 
commercial. The calcium, strontium, magnesium, and lithium 
were obtained electrolytically, as described in the Chem. Soe, 
Quart. Journ, vol. vii. pp. 107, 143, 
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In the case of potassium, sodium and lithium, it was to be 
feared that a conducting power a little too small would be ob- 
tained, on account of their unavoidably oxidizing a little before 
the observations could be made. The oxidation of the wires took 
place gradually, and had some influence on their resistances, as 
some experiments on this point showed; the resistance of a wire 
immediately after being secured in the wire-holder was deter- 
mined, and again after 5’, 10', 15‘, &c, had elapsed. In the fol- 
lowing Table the values of L, and the calculated values of X are 
given :— 


Potassium, Sodium. Lithium, 
Time 
Ly rd L, x 1, r 
ry 44-1 | 2006 | 31-2 | 37:25 | 416 | 18-78 
5 453 | 1974 | 315 | 37-11 | 41-6 | 18-78 
10 462 | 1950 | 318 | 3696 | 41-6 | 18-78 
15 469 | 1932 | 322 | 3677 | 42-2 | 18-63 
Mretesaiw bya: 325 | 3663 | 42:8 | 18-49 
Pe Mey seep Ml ogg elt Te ene TE FS tetele 432 | 18:39 


In the alteration of the resistance with the time, as is shown 
by the Table, lies in all probability the chief reason why the ab- 
solute values of L, and L, in the former Table for potassium and 
sodium vary more than in the case of the other metals. A cir- 
cumstance, owing to which several experiments failed, may be 
mentioned: sometimes a perfect metallic contact between the 
wire and the wire-holder was not obtained, in which case the 
resistance appeared too great, and always varying, so that the 
needle of the galvanometer could not be brought to remain at 
the zero-point ; its movements were rapid and violent, especially 
when the trough was slightly shaken. 

The conducting power of potassium and sodium at different 
temperatures was next determined for the solid as well as for the 
liquid state. For these experiments the metal was introduced 
into a wide thermometer-tube, which was blown out at two 
points, a and 6 (fig. 6), before the glassblower’s lamp, and at 
both of which places a short platinum wire was fused in; a tube 
of wider bore was joined on at one end. Through this tube 
hydrogen was passed for a short time, and then a piece of metal 
was pushed in at c; the whole length of it was heated until the 
metal was fused, when hydrogen was passed in at c, forcing the 
metal to the other end of it, upon which both ends were sealed 
by fusion; over a and b two pieces of caoutchoue tubing were 
fitted, one end of which was closed with pieces of glass rod, the 
other containing glass tubing. These were filled with quick- 
silver, and formed the quicksilver cups in which the connecting 
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Wires were dipped. The whole tube was then brought into a 
trough, which was filled with water or a solution of chloride of 
calcium, according to the temperature desired. The liquid in 
the trough, which was kept continually agitated, was gradually 
heated by lamps placed underneath it, observations being made 
from time to time after the method used in the former expe- 
riments. The temperature was read off from a thermometer 
in the trough. The distance between the two platinum wires 
was treated as the length of the wire, and the diameter was mea- 
sured by weighing a quantity of quicksilver which occupied a 
known length in the tube. From these data and the observed 
resistances the conducting power was calculated as above. 

In these results an interesting fact was observable, viz. that 
at some distance from the point of fusion, as well in the liquid 
as in the solid state, the decrements in the conducting power 
witn the increase of temperature were almost in proportion, but 
near the point of fusion the decrease in the conducting power 
became much more rapid; with sodium this change appears to 
be very sudden, whereas with potassium it seems gradual. This 
difference in these metals corresponds with their different beha- 
viour in fusion; namely, potassium does not become suddenly 
liquid like sodium, but first passes through a semifluid state*. 

The values obtained can be expressed by the following for- 
mulas, in which X = the conducting power compared with silver 
at 0° C. = 100, and ¢ the temperature in Centigrade degrees. 


Potassium. 
For ¢ between 0° and 46°'8, 
= 20°14 —0:0819¢+ 0:0002352? ;s 
for ¢ between 46°°8 and 56°8, 
X= 668°26 —40°402¢+ 0°8380177 — 0005815228 ;s 
for ¢ between 56°8 and 100°, 
A= 13°35 —0:03393¢. 


Sodium. 
For ¢ between 0° and 95°-4, 
N=82°54—0°1172¢ + 00001277? ; 
for ¢ between $6°1 and 120°, 
N= 23°38 —0:072222. 

Potassium melted between the temperatures 46°8 and 56°, 
and sodium between 95°'4 and 961. 

The curves (fig. 7) show the variation of the conducting power 
for different temperatures as calculated with these formulas. The 


* See Regnault, Poggendorff’s Annalen, vol. xeviii. p. 411; Phil. Mag. 
vol, xii. p. 489, 
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following Table gives the differences of the observed values of X 
and those calculated from the above formulas :-— 


Potassium. Sodium. 

é. Observed. |Calculated.| Difference. t, Observed. \caleulated. Difference. 

0 20°14 20:14 0:00 0 32-54 32°54 0-00 

9:8 19-41 19:36 | —0:05 11:0 31:28 81:27 | —001 
15°8 18-90 18-91 | +001 211 30:13 30:12 | —0-01 
19-4 18-64 18-64 0:00 28-1 29°32 29°33 | +0-01 
21:4 18°52 18°50 —0:02 335 28°77 28°76 —0-01 
28:7 17°95 17°98 | +0:03 40-2 28:07 28:04 | —0-03 
36°8 17°41 17-45 | +0:04 46:5 27°38 27°37 | —0-01 
46°8 16°85 16:82 | —0:03 52:3 26°72 26°76 | 40-04 
48:2 16°42 16:45 | +0-03 59:0 26-05 26:07 | +0-02 
52:7 15°38 15°35 | —0:03 65:8 25:40 25°39 | —0-01 


54:2 | 14:38 14:34 | —0-02 72-1 24:74 24:75 | +001 
554 13°43 13°22 | —0-21 78°6 24-11 24-11 0:00 
56-0 12-24 12:52 | +0:28 89:3 23°11 23-09 | =0-02 
56°38 11°53 11:43 | —0:10 95-4 22°51 22:53 | +0-02 
65°6 11:15 11-13 | —0-02 96:1 16°60 16-44 | —0-06 
74:7 10°83 10°82 | —0-01 96-6 16:38 16-40 | +0:02 
84:5 10°50 10-49 | —0-01 97-6 16-27 16:33 | +0:06 
87:7 10°38 10:38 0-60 103°6 15-84 15:90 | +0-06 
100 9°93 9:96 | +0;03 109°6 15°38 15:46 | +0-08 
120:2 14:76 1470 | —0-06 


The contraction of the metals on solidifying in the tube caused 
the conducting powers to appear too small, the diameter being 
considerably more reduced in some places than in others on 
account of small vacuums forming. With sodium this inequality 
was so great that the continuity of the wire was completely 
broken ; in these cases the tube was heated in a bath above the 
fusing-point and then rapidly cooled, in order to make the 
vacuums as small as possible. With tubes of smaller bore the 
vacuums caused by the contraction were smaller, as the adhesion 
of the metal to the glass counteracted this tendency in some 
degree. The diameter of the tubes used for the experiments was 
0:446 millim. for potassium, and 0°368 for sodium. The va- 
cuums were here small, but still visible to the naked eye. The 
influence they had on the determination of the conducting 
power may be estimated by the comparison of the results ob- 
tained with the pressed wires with those found by this method 
for the same temperature. By the first we found for potassium, 

A=20°85 if <=20°4; 
for sodium, = 37°43 if £=21-7. 
By the second for the same temperatures, 

X= 18°56 for potassium, 
= 30°06 for sodium. 


If the vacuums be considered constant for potassium at all 
temperatures under 46°'8, and for sodium at all under 95°-4, the 
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error introduced into these results by these vacuums may be rec- 
tified by multiplying the expressions before given by the factors 


28°85 


Tasg = 11238, 
and 
37°43 


by which we obtain for potassium, 

A= 22-62 —0:0920¢ + 0:0002637? ; 
and for sodium, 

A= 40°52 —0:1459¢ + 0-:0001582?. 

We may take it for granted that aboye the point of fusion 
these vacuums entirely disappear, and hence that from this point 
upwards the given expressions are correct. With potassium, 
between the temperatures 46°8 and 56°8, there is certainly 
some change in the nature of them; but as we know no law 
according to which this takes place, we are not in a position to 
estimate their influence for this interval of temperature. 

Matteucci* has found, that with bismuth the conducting 
power increases at the point of fusion, and I am able to corro- 
borate his results by experiments performed in a similar way to 
those just described: there is probably some connexion between 
this and the contraction of this metal at the same point. 

For the sake of another example, Rose’s metal was experi- 
mented with; the curve obtained was similar to that for potas- 
sium. An interesting fact was observed with the pressed wires 
which was not found with those cast in tubes; namely, if a 
pressed wire of Rose’s metal be gradually heated and then cooled 
and the resistances at certain temperatures noted, these are found 
the same either with increase or decrease of temperature if the 
wire has not been heated above 40° C.; if, however, it has been 
heated above 40° and cooled, greater values are found than 
before, which become gradually smaller, at first quickly, and 
afterwards slowly, till they attain their original magnitude. A 
wire which had been heated to 80° showed a change in its resist- 
ance even after an interval of six weeks. 

The possibility of obtaining wires of the metals of the alkalies 
and alkaline earths, affords the means of ascertaining their order 
in the thermo-electric series, on which subject I am at present 
occupied, and shall shortly, if possible, make my results known. 

The foregoing experiments were performed in the Heidelberg 
Physical Laboratory, under the direction of Professor Kirchhoff, 
to whom I may be allowed in this place to express my sincere 
thanks for the valuable aid and advice I received from him. 


* Ann, de Chim. et de Phys. 3rd series, vol, xliii, p. 472. 
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XIV. Chemical Examination of, and Remarks on, the Mineral 
Species Tyrite. By D. Forsss, F.G.S., F.C.8., ACE 


i Poggendorff’s Annalen der Physik und Chemie, 1856, No. 4, 

p- 622-628, is inserted a communication from M. Kenngott 
of Vienna, entitled “ Notiz iiber das Tyrit genannte Mineral,” 
in which the author makes some remarks on the crystalline form 
of that mineral, and institutes a comparison between it and the 
Greenland mineral Fergusonite, from which he concludes that 
both these species are identical. 

Before making any observations on this question, I am enabled 
to bring forward a chemical examination of the mineral from the 
same locality as those examined crystaliographically by M. Kenn- 
gott, and received from Dr. Bondi of Dresden. 

The species is Norwegian, and obtained from the large fel- 
spar quarry at Helle at Neskiil, about ten English miles east of 
Arendal+, where the mineral occurs pretty abundantly, and occa- 
sionally in crystals above 2 inches in length. 

These crystals invariably have their bases attached to plates of 
black mica, and shoot out thence, imbedding themselves in the 
red orthoclase, which very frequently forms thin plates or slabs 
of from 4 of an inch to 4 inches in thickness, bounded on both 
sides by the black mica. 

The annexed woodcut gives an idea 
of this mode of occurrence. 

The minerals associated are orthite, 
alvite,ametallic mineral containing ura- 
nium, uranium ochre, and a new mine- 
ralofabrown-red colournot yetanalysed. ~ 

In none of the very numerous crystals I have obtained are the 
angles otherwise than extremely uneven and indistinct, having 
often a rounded or compressed appearance, and are almost always 

ramidal, running off to a point without any distinct facets, 
Not the slightest degree of reliance could be put upon measure- 
ments obtained by the hand-goniometer. They present a qua- 
drilateral section, and are probably tetragonal, having one distinct 
cleavage plane, and traces of two others. The fracture, cleavage, 
and colour are so different from those of the original Tyrite from 
Hampemyr on Tromoe, that, until after the present analysis was 
made, it was considered uncertain whether they were the same 
mineral. 

* Communicated by the Author. 

+ There is a mistake in the locality as given by M. Kenngott; Helle being 
on the mainland at Neeskiil, and not on the Island of Tromoe. A section 
of this quarry will be found in the Quarterly Journal of the Geological 
Society of London, May 1855. . Dr, Bondi’s specimens were, 1 believe, 
collected by Zschau of Dresden. 
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The colour varies from a grayish-brown to a rich clove-brown ; 
streak yellowish-brown; glance resinous to semi-metallic. In 
small splinters translucent. 

Hardness 6:5, bemg capable of scratching orthoclase. Brittle. 
Fracture splintery up to subconchoidal. 

Fragments of the crystals heated to redness in a tube decre- 
pitate, and evolve water, becoming at the same time of a fine 
greenish-yellow colour. Dissolves in borax to a glass, which is 
brownish-yellow whilst hot, becomes green under cooling, and 
when cold is greenish-yellow. With microcosmic salt leaves a 
residue undissolved, and gives a glass which is yellow whilst hot, 
and becomes green on cooling. 

The specific gravity of a fragment possessing cleavage planes 
was found to be 5°36; another fragment more conchoidal in 
fracture gave 5°13 ; both specimens being pure. 

The specimen chosen for analysis had the cleavage planes 
better expressed than usual, and was perfectly free from inter- 
mixture. When finely powdered it was of a gray-brown colour, 
and on ignition lost weight, becoming of an umber-yellow colour. 

The powder was decomposed by boiling with concentrated 
sulphuric acid in a platinum vessel; the columbic acid which 
remained undissolved being washed and determined, it became 
of a fine citron-yellow colour on heating, but when cold had 
recovered its original white colour. 

The solution was rendered alkaline by ammonia, and oxalic 
acid then added until the solution reacted slightly acid. The 
precipitated oxalates were collected and ignited, when they ap- 
peared of a faint whitish-yellow colour without a trace of brown, 
so that probably little or no didymium was present. 

They dissolved readily and completely in hydrochloric acid, and 
this solution was precipitated by ammonia and filtered off. Lime 
was determined, as usual, in the filtrate by precipitation as oxa- 
late. No magnesia was found. 

The precipitate containing only yttria, with the oxides of 
cerium and lanthanium, was redissolved in a little sulphuric acid 
and boiled with a concentrated solution of sulphate of potash, 
thus separating the ceric oxides, which were filtered off, dissolved 
in hydrochloric acid, precipitated by potash, redissolved in hydro- 
chloric acid, precipitated by ammonia, and determined; they 
were then converted into nitrates, ignited, and the lanthanitum 
separated by digestion in a solution of chloride of ammonium 
and determined. 

The yttria was precipitated from its solution in sulphate of 
potash by caustic potash, dissolved in hydrochloric acid, repre- 
cipitated by ammonia and determined. 

The original solution from which the oxalates had been sepa- 
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rated was now precipitated by hydrosulphate of ammonia and 
filtered. The filtrate showed a trace of tin, which was not. esti- 
mated; the precipitate contained alumina, iron, uranium (glu- 
cina?), and an earth which was probably zirconia, although its 
oxalate was soluble. ‘The alumina was separated by boiling the 
whole in caustic potash and determined as usual. Iron was then 
separated by carbonate of ammonia, and the solution, contaiming 
then only zirconia (glucina ?) and uranium, precipitated together 
and determined after ignition; the uranium was then dissolved 
out by hydrochloric acid, and determined as difference of weight 
between the residue insoluble in acid and the former combined 
amount. 

The oxide of iron was determined as usual, but on being re- 
dissolved contained some insoluble earth, which was deducted 
from its weight and added to the amount of zirconia. The quan- 
tities thus found were as follow :— 


Water mean of four determinations as 
loss on ignition : 


} aco per cent, 
Mineral employed in analysis . . . 25-04 grains. 


Columbic acid obtained . . 2... LTR a 
Ignited oxalates obtained . . . . B20 ve 
Carbonate of lime obtained. . . .  O'75 wee 
Sesquioxide of cerium obtained . . J'41 oe 


Protoxide of lanthanium obtained. . 0°37 «. 
Vtitta obtamed® (2 7289 Doyo ges, es6-O7IU 
Alumina obtained . ODOR oT TES (PBBDE, J 
Zirconia (and glucina?) obtained . . O'70 «s 
Oxide of uranium (Ur? 04) obtained . 1°55 ss. 
Sesquioxide of iron obtained . . . O59 op 


which, when tabulated, will afford the following per-centage 
composition :— 

Columbie acid . . . . . 44°48 

Wtiriae cuiciels) volt eet 2788 

Part SP) OA. rey a8 6 1°68 

Protoxide of cerium. . . . 5°63 

Protoxide of lanthanium . . 1°47 


Protoxide of iron... - 2 il 
Protoxide of uranium . . . 5°99 
Binoxide of tin . . . . ~~ trace 


pAlwiaimad) 1.) siderite oi ar ae OO 
Zirconia (and glucina?) . «2°78 
Waders isles or Hans biecteer sry 4686 


100°18 


The atomic equivalents of several of these bodies being so 
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uncertain at present, it would be only guesswork to attempt 
deducing a formula; but it will be at once seen from the above 
analysis, that the mineral from Helle is identical with the Tyrite 
from Hampemyr on the Island of Tromoe, described in the New 
Edinburgh Philosophical Journal, No. 1, 1855. 

With regard to the mineral Fergusonite, from Kikertaurvak 
near Cape Farewell in Greenland, our information at present rests 
upon Haidinger’s crystallographic examination (Edinb. Roy. 
Soc. Trans, vol. x. p. 274), Berzelius’s blowpipe reactions, and 
Hartwall’s chemical analysis, both in the Mongl. Vetenskabs 
Academiens Handlingar for 1828, p. 167, to which M. Kenngott 
has not brought forward any addition; and not having seen 
any specimen of that mineral, I must refer entirely to these 
authorities. 

The comparison of the two minerals instituted by M. Kenngott 
rests upon— . 

1. Their crystallographic identity, But the erystals of Tyrite 
hitherto found are so extremely uneven and irregular, as before 
mentioned, that no dependence can be placed upon measurements 
of their angles by a hand-goniometer; and quite as many dis- 
cordant results could be adduced to meet those cited by M. Kenn- 
gott. There seems, however, much probability that the crystal- 
line form will prove the same, but this is not so certain as to set 
the matter at rest. 

2. Resemblance in physical properties. These present several 
points of unquestionable agreement; the colour, glance, and 
streak must be pretty nearly the same. The hardness of Tyrite 
is probably but very little higher, all specimens | have tried 
scratching orthoclase, and being about 6:5; Fergusonite being 
stated as 5°5 to 6:0. The specific gravity of Tyrite is, however, 
decidedly lower than that of Fergusonite, which is stated as 5°838 
(Allan), and 5:800 (Turner) ; whereas the mean of a number of 
determinations of the specific gravity of specimens of Tyrite, both 
from Helle and Hampemyr, was 5°33, and only one specimen 
was found to be above 5:36, All the specimens were perfectly 
pure, any decomposed or weathered parts being carefully removed 
if present. 

3. Similarity of blowpipe reactions. As the action of fluxes 
on these minerals depends chiefly on the presence of uranium, 
they both react with borax and microcosmic salt similar to most 
minerals containing this metal. 

According to Berzelius and Hartwall, Fergusonite only evolves 
a trace of water when heated in a tube, whereas Tyrite decrepi- 
tates often very strongly and evolves considerable water. 

4. Chemical composition and constitution are best seen from 
the following tabulated statement :— 
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Tyrite, Tyrite, Fergusonite. 

Hampemyr, Helle, Greenland, 

D. Forbes. D. Forbes. Hartwall. 
Columbic acid . . 44-90 44°48 (tantalic) 47°75 
Mttra bus . fingtewi2e72 27°83 41°91 
Lime . font 420:81 1°68 — 
Protoxide of cerium . 5°63 
reer rein ep 1:47 #08 
Protoxide of iron. . = 6:26 2°11(sesquioxide)0°34 
Protoxide of uranium 3°03 5°99 do. 0:95 
Binoxide of tin . . wis trace 1:00 
Alumina . . 5°66 3°55 — 
Zirconia with glucina trace 2°78 3'02 
Wateranoloin Qoowr 04052 4:66 trace 

100°25 100°18 99°65 


From this it will be seen that there is a very considerable 
difference in the amounts present of the various elements. In 
Fergusonite Berzelius and Hartwall found a trace of water, con- 
sequently were not ignorant of its existence, so that M. Kenn- 
gott cannot with propriety refer to this with the remark, “ dass 
man sie gar nicht fand, wenn man sie nicht suchte ;” and if he 
consulted the original memoir of M. Hartwall, he has quite 
forgot to insert in his communication M. Hartwall’s observation, 
that we may with certainty regard water as not entering into the 
chemical constitution of Fergusonite*. 

There can be no doubt as to the water in Tyrite being essen- 
tial to its constitution ; and the determination of water as given 
in the analyses is probably below the real amount, as the mine- 
ral appears to oxidize on heating, which makes the loss less than 
it otherwise would be; for this reason, it was found that the 
amount of water was greater when the mineral was heated in 
fragments than when heated in powder, and the length of time 
also was of importance. 

When well crystallized, the mineral on heating decrepitated 
often very strongly, and on losing its water sometimes suddenly 
fell entirely to powder, having a fine greenish-yellow colour. 

Many determinations were made of the water, and the average 
of all was 4°80; but this is probably too low, as several of 
them were made on the finely powdered mineral heated for a 
considerable time, and which consequently showed less than 
otherwise. 

The differences in the quantities of the other elements is at 
once seen by reference to the tabulated results. It is not, 


* Kongl, Vet, Acad, Handi, 1828. p. 170, 
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however, certain at present whether the metallic acid of Fergu- 
sonite is columbic acid or tantalic acid. Hartwall did not find 
alumina present ; and the mode of analysis adopted by him is 
such that it does not differ from what 1s at present the usual 
method employed in analysing such compounds ; and with the 
exception that oxide of lanthanium is included in his oxide of 
cerium, I doubt if M. Kenngott could suggest any cause for its 
producing inaccurate results. 

In conclusion, although there can be no doubt that the mi- 
neral species Tyrite and Fergusonite are closely allied, and may 
possibly be even identical, still until analyses of Fergusonite 
confirmatory of this view are brought forward, these species 
should most decidedly remain separate ; and little benefit to mi- 
neralogy can arise from attempting to wring conclusions out of 
data which all must admit are at present insufficient to decide 
the case. 


XV. On the Anharmonic Ratio of Radi normal to Four Faces of 
a Crystal in one Zone; and on the Change of the Axes of a 
Crystal. By W. H. Mitizr, M.d., F.R.S., Professor of 
Mineralogy in the University of Cambridge*. 


“pe anharmonic ratio of radii normal to four faces of a ery- 

stal in one zone, in the shape in which it appears in my 
‘Crystallography,’ art. 25, as well as in the new edition of Phil- 
lips’s ‘ Mineralogy,’ art. 22, is expressed by three different frac- 
tions. The necessity for employing three different expressions 
for the ratio, which greatly embarrasses the application of one of 
the most useful propositions in crystallography, is due to the 
circumstance that one or two of them take the form 9, for par- 
ticular values of the indices. Bya slight change in the inves- 
tigation, I have obtained the result m a single general form 
(equation (3) below), of which the three fractional expressions 
above mentioned are particular cases. 

Using the notation proposed by Dr. Whewell in the Philoso- 
phical Transactions for 1825, and adopted in the ‘ Crystallo- 
graphy,’ and the new edition of Phillips’s ‘ Mineralogy,’ let efg, 
hkl, pgr, www be the symbols of any four faces of a crystal in one 
zone. Let P, Q, R, 8 be the extremities of radi of a sphere 
drawn perpendicular to the four faces respectively, or the poles 
of these faces. Let X, Y, Z be the extremities of radii of the 
sphere parallel to the axes of the crystal; a, , c the parameters 
of the crystal. Then 


a 


* Communicated by the Author, 


=) toe eee 


a ee 
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* cos PX = ear PY= = cos pz, | 
e ef g 


a b c 
7028 QX 708 Qyi= 7 cos QZ, 


Se a GaN UA 
p q r 


* cos SX = ors Sie = cos SZ. 
u v w 


If D, E, F be any three points taken in order in a great circle 
of the sphere, it is easily proved that 


= [cos DX cos EY — cos DY cos EX] 


= — “5p [eos DX cos FY — eos DY cos FX] 


ont sob 
~ sin EF 

But P, Q, R, S are in a great circle of the sphere ; therefore, 
if we substitute P, Q, R and P, S, R for D, E, F in the prece- 
ding equations, in such order as the case may require, and then 
divide the equation thus obtained between sin PS and sin SR, by 
the corresponding equation between sin PQ and sin QR, and 
substitute for the ratios of the cosines their values m terms of 
the parameters and indices, as given by equations (1), we get 

smPQsnSR  ek—fh uq—vp 2) 

Si QR an PS" hg — ip pe ae AD 
where the lower sign is to be taken when one only of the points 
Q, 8 lies between P and R. 

Let efg be the symbol of any zone-circle passing through P, 
pqr that of any zone-circle passing through R. The zone-circle 
QS contains the poles Q, 8. Therefore (‘ Crystallography,’ 
art. 13) its indices are kw—lv, lu—hw, hv—ku. It intersects 
the zone-circles efg, pqr in P, R respectively. Therefore (‘ Cry- 
stallography,’ art. 15), 

e=f(hv —ku)—g(lu—hw), 
f=g(kw—lv)—e(hv —ku), 
g=e(lu —hw) —f(kw—l), 
p=q(hv—ku) —r(lu—hw), 
g=r(kw—lv) —p(dv— ku), 
r=p(lu—hw) —q(kw—l), 
ek —fh = (hv—ku)(eh +k +1), 
hg —kp=(ku—hv) (ph +qk+r/), 
ev — fu = (hvu —ku) (eu + fv + gw), 
ug — vp = (ku—/hw) (pu + qvu+rw). 
Phil. Mag. 8. 4. Vol. 13. No. 84. Feb. 1857. H 


[cos EX cos FY — cos EY cos FX]. 
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Hence sinPQsinSR_ , eh+fk+el put+qu+rw (3) 
sin QR sin PS ~ ~~ ph+qk+r/ eu+fv+ gw’ 
where the lower sign is to be taken when one only of the points 
Q, S lies between P and R. 
Suppose PQ, PR, PS to be all measured in the same direction 
from P, then 
sin PQ sin(PR—PS) _ eh+fk+el put+qu+rw (4) 
snQR sinPS —~ ph+qk+rieu+fo+gw ~ 
Also, sin QR= sin PR sin PQ (cot PQ— cot PR), 
sin SR= sin PR sin PS (cot PS—cot PR). 


Hence 
eu+fo+ gw _ eh+fk+el * 
pu-+qu-+rw (cot PS cot PR) = aT as Pi cotPR). (5) 


When PQ, PR, and the symbols of P, Q, R, S are known, 
PS may be found either from equation (5), or from the equations 
akg ae eh+fk+el put+qv+rw sin (PR—PQ) 

~ ph+qk+rl eu+fv+egw Bn LO 2 


tan (PS—4PR) =tan PR tan (= =) : 


When PQ, PR, PS, and the symbols of P, Q, R are known, 
the indices of S may be found by means of the equation 
putqv+rw _m 
eut+fo+ew — n 
m, n being integers, where 
m __ph+qk+ri sin PQ sinSR 
nm eh+tk+g/ sin QR sin PS 
_ ph+qk-+rl cot PS— cot PR 
~eh+fk+gl cot PQ—cot PR’ 


? 


and the equation 
uw+vo+ww=0, 


where uvw is the symbol of the zone-circle PR, and therefore 


u=fr—gq, v=gp—er, w=eq—fp. 
Fig. 1. 


Let O be the centre of the 
zone-circle PR. Draw gr 
parallel to PO, meeting the 
straight lines PQ, PR, PS in 
954508, Then 


sr _ cot PS — cot PR 
gr cot PQ—cot PR’ 
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Hence 
sr _eh+fk+gl put+tqu+rw 
= ee 
gr ph+qk+rleu+tv+ gw 


According as the right-hand side of this equation is positive or 
2 iti s and gq lie on the same side, or on opposite sides 
of r. 

By the above construction, PS can readily be found when PQ, 
PR, and the symbols of P, Q, R, S are known. The construc- 
tion may also be used in findmg the symbol of S, when PQ, PR, 
PS, and the symbols of P, Q, R are 
given. Fig. 2. 

Let KP, KQ, KR, KS be four zone- 
circles intersecting in the point K; 
efg, pqr the symbols of KP, KR respect- 
ively; Akl, ww the symbols of poles 
Q,S in the zone-circles KQ, KS re- 

- spectively. Let the zone-circle QS meet 
KP in P, and KRin R._ It is easily 
proved that 


sin PKQ sinSKR _ sin PQ sin SR. 
sin QKR sin PKS ~ sin QR sin PS 


P 
Hence 


sn PKQ sinSKR _ , eh+fk+g/ put+quv+rw 
sinQKR sm PKS ~~ ph+qk+rl eu+fo+gw’ 


(7) 


where the lower sign is to be taken when one only of the poles 
Q, S lies in the lune PKR. Hence also, when PKQ, PKR, PKS 


are measured all in the same direction from KP, 


eu+fo+ 8% (oot PKS—cot PKR)= tet 


put+qu+rw rere ae —cotPKR). (8) 


Equations (7) and (8) may be used with advantage in the 
process of calculating the angles between faces of crystals, espe- 
cially of those belonging to the oblique and anorthic systems. 

Any edge of a crystal is parallel to the axis of the zone which 
contains the two faces which, by their intersection, form the edge, 
and may be denoted by the same symbol as the zone to the axis 
of which it is parallel. The sides of any face of a crystal are 

|arallel to the axes of zone-circles intersecting in its pole, and 

' make with each other the same angles as the zone-circles to the 

axes of which they are respectively parallel. Hence equations 

(7) and (8) may be applied to determine the side of a face of a 
H 2 
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erystal, having given its symbol, and the Fig. 3. 


symbols and positions of three other . erties 

sides ; or, having given the positions of 

four sides of a face of a crystal, and the —_ 

symbols of three of them, the symbol of P viet. 

the fourth may be found. iH 

Let the sides gr, pq be respectively 

Ud 

4 

iP 

g 


parallel to the axes of the zones efg, pqr ; 
rp parallel to the axis of the zone con- 
taining the face hk/; pland rn parallel to 
that of the zone containing www, meeting 


q7, UP in J, n; 


gp _qi _pqql _sinprqsingpl _ sin PKQ sinSKR 
qn qr qrpgy smgprsingp snQKR sm PKS” 


Hence 
gp _qi _eh+fk+gl pu+qv+rw 


qn gr ph+qk+rleutiv+gw *° * (9) 


When the right-hand side of the equation is negative, the 
points J, r or p, n lie on opposite sides of g. 

That the axes of any three zones may be taken for crystallo- 
graphic axes was proved by Kupffer (Poggendorff’s Annalen, 
1826, vol. vili. p. 61, and Handbuch der rechnenden Krystallo- 
nomie, p. 497). The expressions for the indices of any face when 
referred to new axes, which I gave in ‘ Crystallography,’ art. 28, 
may be easily deduced from (7), Fig. 4. 


Let efg, hkl, pqr be the sym- 
bols of the zone-circles EF, FD, 
DE; X, Y, Z their respective 
poles; G the pole of the face 
mno; P the pole of the face 
uvw. Let u'v'w! be the symbol 
of P when referred to the axes 
of the zone-circles EF, FD, DE 
as crystallographic axes. Then ,, 


(7); 


snGFE sinPFD _em+fn+go hu+kv+lw 
sin GD sin PFE ~ hn+kn-+lo eu+fo+ gu’ 


sinGEF sinPED _em+fn+go pu+qu+rw 
sin GED sin PEF ~ pm+qn+ro eu+ fv+ gw" 
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But 
snGFE cosGX sinPFD _ cosPY 
sin GFD™ cosGY’ sin PFE cos PX’ 
smGEF _cosGX sinPED_ cos PZ 
sinGED~ cosGZ’ sinPEF” cos PX’ 
Hence, if 
aicosGX _. WeosGY .. ccosGZ 
em+in+go  hm+kn+lo” pm+qn+ro’ 
! ! ! 
<r 608 PA = Wr Came a “ €08 PZ, 
where 


ul =eu+ fv+ gw,> 
dba ke the ets thet “x. (10) 
w'=put quv+rw. 

If we substitute for e, f,g; h, k,1; p,q, r their values in 
terms of the indices of the poles D, E, F, in which the zone- 
circles EF, FD, DE intersect, the resulting expressions for u’,v', w! 
resemble those obtained by Frankenheim (Crelle’s Journal fiir 
Mathematik, 1832, vol. viii. p. 181), but are not identical with 
them ; for though the notation for faces is the same in both, the 
axes are different. 

To find u, v, w in terms of wv’, v/, w!. 

Let efg, hkl, pgr be the symbols of the poles D, E, F, in which 
the zone-circles efg, hkl, pqr mutually intersect. The symbols 
of the faces 100, 010, 001, when referred to the new axes, become 
ehp, fkq, glr respectively ; and the indices of the zones contain- 
ing every two of them will be 

kr—lq, qg—rf, fl—gk; 
Ip—hr, re—pg, gh—el; 
hq—kp, pf—qe, ek—fh. 
But these are e, h, p; f,k, q; 9, 4, r respectively. Theretore 
u=eu' +ho'+pw', 
v=ful + ko! + w} 
w=gu +h! +ru!. 


(11) 


To find the symbol of the zone uvw, when referred to the axes 
of the zones efg, hkl, pqr as crystallographic axes. 

Let efy, hkl, pgr be the symbols of the faces common to every 
two of the zones, not contained in the zones efg, hkl, pqr re- 
spectively ; u'v'w! the symbol of the zone uvw when referred to 
the new axes. The zone uvw contains the faces Owv, wOu, vu0. 
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Their symbols, when referred to the new axes, are 
fw—gv kw—lv qw—rv, 
ew—gu hw—lu pw—ru, 
ev—fu hv—ku pv—qu. 
The symbol of the zone containing the second and third ot 
these becomes 
(hv —ku)(pw—ru) —(pv—qu) (hw—lu), 
(pv — qu)(ew—gu) — (ev— fu) (pw —ru), 
(ev —fu) (hw —lu) — (hv—ku)(ew—gu). 

Hence, multiplying out, and rejecting the common factor u, 
uw! = (kr —1q)u+ (lp—hr)v + (hg —kp)w, 
v'=(qg—rf)u+ (re—pg)v + (pf—qe)w, 
w= (fl—gk)u + (gh—el)v + (ek —fh)w. 


v=hu+kv+ilw, 

w'=pu+qv-+ rw. 
To find u, v, w in terms of w, v', w’. 
Let the faces 100, 010, 001 be referred to the axes of the 


zones efg, hkl, pqr as crystallographic axes. Then (10) their sym- 
bols become ehp, fkq, glr. Therefore (12), 


u=ew +hv!+pw',> 
v=fu +kv' + qw, Me ie Maye hy 
w=egu +lv! + rw’. 


w=eu+fv+gw, 
1 ce 


Having given the symbols of five poles, and the positions of 
four of them, to find the position of the fifth. 

Let efg, hkl, pgr, mno, www be the symbols of the poles 
D, E, F, G, P (fig. 4). Let D, E, F, G be given in position. 
Therefore the segments ito which any of the angles EDF, FED, 
DFE are divided by the ares GD, GE, GF, are known. Let 
X, Y, Z be the poles of EF, FD, DE; and let m'n'o!, u'v'w! be the 
symbols of G, P when referred to the axes of the zone-circles 
EF, FD, DE as crystallographic axes. Then 


al }! c! 
—, cos GX = — cos GY = — cos. GZ, 
m nr 0 


I ' 
le cos PX = ee cos PY= a cos PZ. 
u v Ww 

Hence 
m' cosPX _ n! cos PY _ o! cos PZ 
u' cosGX~~ v' cosGY w! cosGZ 
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But 
cosPY _ sin PDE cosPZ_ sin PED cosPX _ sinPFE 
cos PZ  sinPDF’ cosPX sinPEF’ cosPY~” sin PFD’ 
cosGY _ snGDE cosGZ sin GED cosGX _ sin GFE 
cosGZ sinGDF’ cosGX sinGFE’ cosGY snGFD 
Therefore 
sinPDE o'r’ snGDE sin PED _ mw! sin GED 
sn PDF vw! sn GDF’ sinPEF o'v sin GEF’ 
sin PFE _ nul sin GFE 
sin PFD mv! sin GFD 


Hence if 
its pul o'v' sin GDE pte ba mw! sin GED 
ie aGDE eo Te an GEE’ 
nul sn GFE 


OG a OND 


tan 1(PDF— PDE) = tan; EDF tan( 7 _ 6), 
tan 1(PEF—PED)= tan 3FED tan (7 ¢) ; 
tan }(PFD—PFE) = tan }DFE tan (7). 


Hence, two of the angles EDF, FED, DFE, and the segments 
into which they are divided by PD, PE, PF, being known, the 
position of P is determined. 


Having given the symbols and positions of four poles, and the 
distances of any two of them from a fifth pole, to find its symbol. 
Retaining the construction and notation of the preceding 
article, let the symbols and positions of D, E, F, G, and the 
distances PD, PE be given, to find the symbol of P. Since PD, 
PE are known, the segments into which any of the angles EDF, 
FED, DFE are divided by PD, PE, PF may be computed. The 
ratios of w/, v', w! may then be found from any two of the three 
equations 
v _asnGDFsinPDE w'_o! sn GEF sin PED 
wo smGDEsinPDP wm sinGED sin PEE’ 
usm! sin GFD sin PFE 


The indices u, v, w are then given in terms of w/, v', w! by (13). 
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XVI. On two new Forms of the Stereoscope, intended for the 
purpose of uniting Large Binocular Photographic Pictures, by 
James Exuior, Teacher of Mathematics, Edinburgh ; and on a 
third Form of the same Instrument, for the same purpose, by 
Grorce Warerston, Stationer, Edinburgh*. 


| Bs may be rash to announce as new any form of an instrument 

in exhausting the varieties of which every effurt of ingenuity 
has already been employed, and on which, it may be said at pre- 
sent, literally as well as metaphorically, the eyes of the nation 
are fixed, so that we cannot tell what a day may produce, or 
what it may already have produced. I therefore advance the 
claim with all due hesitation, and with the distinct proviso that 
novelty is asserted only as far as our own knowledge goes, and 
the knowledge of others to whom the instruments have been 
shown, and only so far as I shall further limit the claim in the 
following description. 

To commence that limitation, then, there is no novelty in the 
mere fact of uniting large binocular pictures. Professor Wheat- 
stone’s instrument does that ; but for such pictures it is liable to 
several objectionsy. In the first place, according to his method, 
the pictures must face each other; and when large, they must 
be placed a long way apart, so that they cannot easily be attached 
to the instrument ; consequently you must either put up sup- 
ports for both, or hang them on opposite walls of the same room, 
at the risk of finding these at an unsuitable distance, unequally 
illuminated, and subject to other inconveniences. Secondly, 
there is some trouble im placing them exactly parallel. Thirdly, 
if the instrument is not placed precisely equidistant from the 
two, the one will appear larger than the other, and they will 
refuse to unite. Fourthly, there is a considerable loss of light 
in reflexion. Fifthly, a double image is formed by the two sides 
of the glass, the separation being rendered more conspicuous 
from the oblique angle at which the mirrors are placed. 

It is not, however, as rivals to Professor Wheatstone’s instru- 
ment that these are introduced by us, but simply as furnishing 
other modes of attainmg the same result; and, in fact, they 
have been brought out almost accidentally, and without any pre- 
conceived design at all. It will therefore probably be best to 
introduce the description of them by giving an account of their 
origin. 

A few weeks ago, Mr. Waterston happened to have in his 

* Communicated by Mr. Elliot ; having been read to the Royal Scottish 
Society of Arts, Jan. 12, 1856, 

+ I mention these objections rather from the statements of others than 


from my own knowledge, never having used Professor Wheatstone’s ste- 
reoscope, and having only once seen it. 
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possession two beautiful binocular photographic landscapes, by 
Mr. Wilson of Aberdeen. They were not small pictures, such 
as are usually made for the stereoscope, but were each some- 
where about 12 or 13 inches long and 10 broad. Mr. Waterston 
had been in the habit of uniting stereoscopic views by the eye 
alone, without the use of an instrument. He tried the large 
landscapes in the same way and succeeded in uniting them, but 
with that picture which is usually the right-hand one placed on 
the left, and the left-hand one on the right. Having tried to 
unite the pictures in the same way, but without success, I im- 
mediately undertook to produce an instrument by which the pur- 
pose might be effected, and found the attempt successful. In 
fact I had thought of the same instrument before for uniting 
small binocular pictures crosswise. That instrument is simple 
enough. It consists of a wooden frame, like a box open at one 
end; the two sides (represented by A B and CD in fig. 1) fold 
together with hinges at A and C, while the front or closed end, 
AC, has two openings, E and E’, at the distance of the two eyes 


Fig.t. 


from each other. At first these openings were hollow truncated 
cones, with a small aperture at the narrower end (as in the figure), 
and fixed to slides by means of which they could be adjusted to 
the exact distance of the eyes. The object of having the aper- 
tures so small, was to deprive each eye of its power of detecting 
distance by means of its own focal adjustment ; a power which, 
it is well known, the eye possesses. I had another pair of slides, 
however, made with large apertures, and found that they answered 
nearly as well, and were much more easily used. 

The sides are folded in, so far that the right-hand side entirely 
hides the right picture, P’, from the right eye, and the left-hand 
side hides the left picture, P, from the left eye ; while they are 
made of such a length as to leave each picture wholly seen, and 
no more, by the alternate eye. The extremities, B and D, of the 
sides are then distant about two inches from each other for pic- 
tures of the size mentioned. The height of the aperture is also 
at the same time contracted by a piece of cardboard, or by two 
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slips of wood sliding vertically, so as to show nothing more than 
the breadth of the pictures. Some minute object is then attached 
to the margin of the aperture towards which both eyes are directed, 
and the two pictures are then seen in stereoscopic relief, stand- 
ing out as a miniature landscape in the air between the pictures 
and the eye. The effect is exceedingly beautiful, but it is not 
every person that can succeed in seeing it. When the eyes alone 
are used for uniting pictures, three pictures make their appear- 
ance, the middle one, in which two are united, giving the ste- 
reoscopic effect. The object of the instrument in this form, is to 
hide the two exterior pictures, or rather not to permit them to 
be formed. 

Since the left-hand picture is hidden by the instrument from 
the left eye, and the right-hand picture from the right eye, each 
eye sees only the picture on the other side; the axes of vision 
evidently cross each other, and the various points of the land- 
scape appear where the visual rays from the same points on the 
two pictures intersect each other, and consequently between the 
pictures and the eyes. 

In uniting the pictures in this way, a curious physiological 
pheenomenon presents itself. When the pictures first unite, the 
eye is tolerably well satisfied with the result, but not thoroughly 
so, and the two pictures retain a considerable disposition to part 
company. But in a second or two a peculiar change is felt in 
the eye; the landscape starts into sudden clearness, and the two 
pictures seem afterwards fixed together, having no tendency what- 
ever to separate. The cause, I believe, is this :—At the first union 
each eye spontaneously adapts its focal adjustment, as it has 
always been accustomed to do under natural circumstances, to 
the distance at which the directions of the axes intersect each 
other. In that state, of course, union of the pictures may be 
effected, but accompanied with obscurity, for any object situated 
at a different distance from that to which the eye has adjusted 
its focus will be seen indistinct. The eye being uneasy under 
the defect of which it is sensible, changes its configuration, and 
soon finds out the best attitude to assume, viz. with the axes of 
the eyes converging towards one distance, and the focal adjust- 
ment adapted to another,—a combination which never takes place 
under natural circumstances. 

The landscape formed in this way being so minute, upon Mr. 
Waterston’s inquiring if it could not be magnified, I immediately 
proposed the introduction of small telescopes; and, in fact, I 
had previously had the slides with the wide apertures made on 
purpose to permit the introduction of some magnifying power, 
which J soon saw could only be telescopic, from the distance at 
which the pictures were to be viewed. We ultimately, however, 
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decided upon constructing the instrument without the box alto- 
gether, as an unnecessary appendage when the telescopes were 
used; and it now appears very much like an opera-glass with 
the two telescopes converging outwardly, so that the directions 
of sight cross each other. 

The instrument, exhibited in fig. 2, is made capable of two 
separate adjustments: one to accommo- 
date the positions of the telescopes to the 
distance of the eyes from each other, the 
other to give the degree of convergence 
required. The first object is attained by 
placing the two telescopes on the extre- 
mities of a support like the letter V, 
placed vertically, its two branches open- 
mg and closing on a hinge; and the 
latter object by making each telescope 
turn on a vertical axis, which must be 
directly below the eyepiece in order that 
the one adjustment may not disturb the 
other. When the instrument is placed 
on a stand, two other adjustments are 
necessary: one to bring the field of view 
to the same elevation as the pictures, another to bring the plane 
of the axes of the telescopes into parallelism with the upper or 
lower margins of the pictures, or in other words, to give the two 
telescopes exactly the same elevation, it being previously under- 
stood that the pictures are placed with their upper or lower mar- 
gins in the same horizontal straight line, and the said margins 
passing through corresponding points in the two pictures. The 
former purpose is effected by inclining the V support backward 
or forward by means of a second hinge placed below it, having 
its axis at right angles to the axis of the hinge connecting the 
two arms of the V. The latter adjustment is attained nearly by 
the primary construction, and by observing that the arms of the 
V are opened equally ; but is completed by two screws beneath 
the telescopes, by means of which the outer extremity of either 
may be raised or depressed. The focal length of each telescope 
must also be attended to as usual. Five adjustments are thus 
necessary, which should be made in the following order :— 

First, each telescope is carefully adjusted to the proper focal 
length, so as to give clear vision. Secondly, the telescopes are 
brought to the width between the eyes by opening or closing the 
arms of the V, observing that they are opened equally. Thirdly, 
they are turned together, upward or downward, according to the 
elevation of the pictures, by means of the lower hinge. Fourthly, 
the telescopes must be brought to their proper inclination towards 
each other; that being done by turning each separately wpon its 
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vertical axis until it gives a full view of the picture furthest from 

it. All these arrangements must be carefully effected before any | 
attempt is made to unite the pictures. Finally, when that is 

attempted, if the one picture appear a little to the right or left 

of the other, turn one of the telescopes on its vertical axis till 

the pictures come together; but if one of them appear a little 

higher than the other, raise or depress the one telescope by means 

of the small screw beneath it. 

To this form of the mstrument, which is evidently the more 
perfect of the two, I have proposed to give the name of the 
Telescopic Stereoscope. 

Since these forms of the instrument were designed, Mr. Water- 
ston has suggested a simpler contrivance to serve the same pur- 
pose as the first, although more like the second in appearance. 
It consists of two tubes, used in the same manner as the two 
telescopes, and either held separately in the hands, or connected 
in the same manner as the telescopes. If the tubes are made of 
the proper length and width, they serve the purpose nearly as 
well as the box form of the instrument, but have not, of course, 
the advantages afforded by the telescopes. They may be made 
with the ends next the eye narrow, and the other ends wider, 
and capable of elongation, so as to give the necessary proportion 
of length and breadth. 

Having finished the description, I return again to further 
limitations of our claims as to novelty. There is no novelty, of 
course, in the fact of uniting binocular pictures by the eye by 
cross vision ; and the proper method of doing so, by interchanging 
the places of the pictures, has been described by Sir David Brew- 
ster. It was, in fact, his remarks on the subject that suggested 
my idea of the first-mentioned form* of the instrument for small 
pictures, which Mr. Waterston’s observation induced me to apply 
to large pictures. Whether large photographs had been previ- 
ously treated in the same way by the unaided eye I am uncer- 
tain. But it matters not: no claim of originality is made in 
regard to that. The object of the instruments is to facilitate 
that which undoubtedly the eye can accomplish without them, 
but less easily and less perfectly. 

It must be mentioned also, that Professor Wheatstone united 
pictures by the use of tubes, as Mr. Waterston has done; but I 
am not aware that he ever did so by crossing the lines of sight, 
and without that it is impossible to unite large pictures. 

The telescopic instrument, as I have made it, is evidently 
susceptible of minor improvements. The most useful alteration 
would probably be to render it available for the double purpose 
of a stereoscope and an opera-glass. 


* A distinct form from that construced by me many years ago. 
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XVII. On the Anticlinal Line of the London and Hampshire 
Basins. By P. J. Martin, Esq. 


[Concluded from p. 39.] 
Drift of the Denudation generally. 


fete most profitable line of study a man can take in this 

matter, should begin at the top of the Hastings sands. 
He should reverse my order of classification, and begin with the 
Wealden zone, in which drift is to be found in its simplest state, 
and proceed outwards from thence to the most complicated in 
the valleys of the Thames and the Solent sea. In all the higher 
districts of the Hastings sand country, on the slopes of the hills 
which overhang the Rother and the rivulets which discharge 
themselves by the longitudinal valleys of the Wealden district 
eastward into the sea, and on their borders above the range of 
modern silt, he will find the detritus I have described*,—in 
some cases a slight sprinkling, in others heaped together in un- 
mistakeable beds of diluvial drift. 

Leaving these districts, and proceeding outwards over the 
Weald clay country, the same kind of drift will be found lying 
in hollows}, and being occasionally turned up by the plough, 
concreted into a breccia locally called “Iron rag,” and once in 
some parts of Sussex largely smelted in the iron furnaces of that 
county. More remotely still, the observer will find this rag 
beginning to include angular fragments of chert ; and as he ap- 
proaches the greensand country, to this angular breccia are added 
flints, at first in small, but soon in larger proportions. 

To a diligent observer, some other indications which may rank 
in the order of drift, and marking the progress of denudation, 
will attract his notice. Where the country appears to be bare of 
drift, some débris proper to the position will turn up in ploughed 
fields, and in woodlands lately brought into cultivation. Near 
and immediately around the Hastings sand country these débris 
will be isolated fragments of stone, perhaps impressed with Cypris 
or some other characteristic fossil; more in advance, and before 
coming to the outcrop of that stratum, fragments of Petworth 
marble, a little weathered or water-worn; a little further, and 
still in the Wealden zone, boulder-like fragments of the ironstone 
(carr-stone) of the lower greensand will appear in lke manner, 
and so to the foot of the greensand escarpment f. 


* Phil. Mag. October 1851. 

+ I have described these hollow places in the clays in my former essay 
as having been evidently scooped out by running water in violent agitation, 
and filled up again with drift, like the similar hollows in the soft sand-rock 
of the lower greensand. 


{ My intimate acquaintance with the surface of the Weald where drift 
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The “‘subcretaceous zone” will nowengage the observer’s atten- 
tion, and he will meet with greater complexity of composition : 
on the upper beds of the lower greensand, angular flint, chert, 
fragmentary sandstone, and the above-mentioned carr-stone in 
angular masses, thrown together in various proportions and with 
more or less rubble, and often lodged in hollows scooped out of 
the soft sand-rock. There is yet no admixture of materials 
foreign to the country, except now and then a few “ eocene peb- 
bles,” and, more rarely still, some pebbles of hard chalk. 

‘I have alluded to some exceptional cases to be found in a 
review of the drift of the Weald. The two most remarkable of 
these with which I am acquainted are, the gravel beds at Hever, 
on the banks of the Medway, as described by Sir Roderick Mur- 
chison (Journ. of Geol. Soc. doc. cit.), and a no less important 
bed on the banks of the Arun at Slinfold, between Horsham and 
Rudgwick, in the central valley of the axis of the Weald. Uhad 
the pleasure of showing the last-mentioned bed to Sir Charles 
Lyell last summer. It is composed of the rubble or detritus of 
the surrounding Wealden, much angular chert, angular flint, and 
some eocene shingle with particles of hematite from the ferru- 
ginous sands of the lower greensand. JI believe it more likely, 
that in both these cases the materials of these beds of drift were 
not brought from the several districts in which they are now 
found in situ, but were derived from the kindred masses left 
behind at the periods of great convulsion, and in the yawnings 
of the great fissures at the time of upheaval. The nearest points 
from whence the flints and eocene pebbles of the Slinfold drift 
could be derived by transport, are, on the north, twelve, and on 
the south, seventeen miles; and neither of these in the most 
probable line of drift, viz. from west to east, along the longitu- 
dinal valleys of the Weald. 

T have already said, in another place, that mammal bones have 
been found in the drift of the Wealden districts; and as some 
inferences have been drawn from the position and levels at which 
these discoveries have been made, it may be well to recur to that 
subject. I have a fragment of an elephant’s tooth found by Mr. 
W. Constable at Charlwood, near one of the sources of the Mole. 
Elephants’ bones have been found at Coldwaltham, sixty feet 
above the sea-level. Other mammal bones at West Burton in 
chalk-rubble something higher, and at Burpham still higher, as 
mentioned by Mantell and Sir R. Murchison (Journ. of Geol. 


does not abound, enables me to speak with great confidence of this minute 
but significant feature. In many places where the plough has been at work 
for centuries, but more still in fresh broken hedgerows and coppice ground, 
these fragments are turned up sometimes in an angular and uneven state, 
sometimes a little water-worn. 
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Soe. loc. cit.) ; and other cases of the discovery of such remains 
in the drifts of all levels are not wanting. The impression on 
my mind has generally been, when these bones have turned up, 
that they have the appearance of being the relics of animals 
buried in one irruption, and torn up out of their graves and di- 
spersed in another. This will indeed suit all hypotheses of aqueous 
agency, but least of all that of slow erosion, by ordinary sea-board 
wear. The flint-beds and porous hungry sands turn out but few 
mammal bones, and these friable and divested of their gluten. 
They come in better condition from the chalk-rubble and unc- 
tuous clays. 

As a general rule, the remains of Mollusca are very rare in the 
gravel of all the districts under review. I have met with frag- 
ments of such shells as belonged to the beds broken up in the 
formation of these drifts, and which have been, like the mammal 
bones, torn from their original graves and dispersed abroad. 
The more correct researches we may hope to receive from Mr. 
Prestwich, who has announced his employment on this subject, 
will most probably bring much zoological evidence to bear on 
these points. 

I cannot but remark here on the general character of the 
scores of illustrative figures of drift-beds exhibited by writers on 
these subjects. Have they not all one common character of 
multitudinous and undefinable deposit? And is not every sec- 
tion the section of a tumultuary watercourse? An inrush of 
washed flints,—an inrush of chalk-rubble or of clay-loam,—an- 
other of flint, or a mixture of flint and chert, or of ironstone (carr- 
stone), as the case may be; then more rubble, or perhaps washed 
sand and small pounded flint, or more clay or loam,—and so in- 
termingling the materials of the lower beds with the upper, and 
the upper with the lower, in ever-varying proportions. I use 
the word ‘inrush,’ because I cannot say layers where nothing is 
properly laid. Go further afield and beyond the range of chalk, 
and do we not find, mutatis mutandis, the same disorder, the 
same tumultuary character and want of true stratification every- 
where prevailing? 

To return from this digression :—the student of drift should 
now leave the Weald, either by one of the longitudinal valleys of 
the chalk like that at Bramdean in Hampshire, for instance, or 
by one of the transverse valleys like that of Findon on the south, 
or Merstham and Smitham Bottom on the north, where he will 
observe the enormous collection of flints, both entire and broken, 
in attestation of the loss of chalk. He enters then on what I 
have called the tertiary or supracretaceous zone. Here his atten- 
tion will be drawn to the strong occasional admixture of eocene 
shingle, and the great spread of these gravels, particularly in the 
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direction of the valleys running towards the Thames from the 
North Downs, and from the South Downs towards the seajiand 
taking the sweep of their long-extended slopes... He will now be 
in the best condition for studying the more complicated gravels 
of the valley of the Thames, or the drift generally of both the 
great synclinals. 

I shall hail the appearance of Mr. Prestwich’s publication with 
much pleasure. I venture to predict that it will be characterized 
by the careful research and correct analysis that distinguish the 
writings of that gentleman. He will assign to the eocene shin- 
gle, to the angular flint, and to the “ northern drift,” their proper 
share in the general mass, and their proper sources. He will 
show from whence the materials foreign to the stratified beds of 
the “ London basin” were derived, and perhaps venture some 
speculations respecting the boulder clays. He will intercalate 
here and there some fragment of a stratified bed of the older or 
newer pliocene. But will he tell us to what agencies’ we owe 
- the intermingling of these discordant materials? Why have we 
“drift,” or more properly and significantly speaking, a ‘‘ terrain 
de transport” ? And still more pointedly, why do we find in the 
vicinity, and at the same level, a large district almost devoid of 
drift foreign to itself,—a district out of which everything has 
been taken and nothing carried in,—a district in which) are 
written in the strongest characters the words demolition and 
forcible denudation ? 


On some specialities which militate against, or at least tend to 
modify the doctrines of the foregoing pages. 


There was so much fascination in the first and original idea, 
that the great excavation of the Weald and all its attendant de- 
nudations were the work of one great, and though it might have 
occupied much time, one uninterrupted process of joint terrene 
and aqueous convulsion, that it was long before I felt disposed to 
admit the possibility of several acts, all of the same paroxysmal 
nature and tending to the same ends. That these acts or intér- 
missions in the great drama were diversified by the growth of 
terrestrial surfaces, and the existence of an intermediate fauna, I 
have now not much doubt. 

I had long been familiar with Sir H. Englefield’s ‘Isle of 
Wight, and with Webster’s ‘Survey ;’ but I thought, and per- 
haps [ still have reason to think, that the appearances there of 
intermediate terrestrial surfaces might be reconcileable with the 
opinion I entertain of a diversity of land and sea at the time of 
the commencement of the zra of dislocation. 

I do not take the phenomena of the Isle of Wight or of raised 
beaches on the Devonshire coast into my review; but I admit 
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the applicability of the objections founded on these appearances, 
and more especially as they gain force by the late discovery of 
some remarkable fossils at Shepperton near Salisbury, and of the 
vegetable remains buried in drift at Peasemarsh*. These, with 
the beach of doubtful date at Brighton, although they alter 
nothing as to the agencies of denudation, and of their mode of 
operation, bespeak the lapse of more time, of a longer rest in the 
intervals of violence; in fact, bespeak the occurrence of a diluvial 
epoch rather than of a single catastrophe. I accept, therefore, 
these evidences as a happy corroboration of my views. Par- 
oxysmal renewals of convulsion, moreover, accord well with my 
sentiments respecting the frequent manufacture of “ brick-earth ” 
on the spot, where it is found, by the amalgamation of the sands 
and clays there, the impaction of gravels, whether of newer or 
older date, and other signs of a tumultuary stratification, only 
to be explained on the supposition of the repeated transit to and 
fro of diluvial currents. 

Although amongst the first exponents of a diluvial theory based 
on local dislocation and terraqueous commotion, I did not long 
remain its solitary advocate. Dr. Buckland, in his earliest spe- 
culations on valleys of elevation, regards the removal of the broken 
materials as the work of “the Deluge,” with which his mind was 
then preoccupied. In 1828 I published my first sketch of the 
Weald denudation, in which I foreshadowed the union of dis- 


* On a former occasion I spoke doubtingly of these appearances, for 
two reasons: first, because I have repeatedly seen the bottoms of drift-beds 
cleared out in all parts of the Weald area without meeting with such a 
chance; and secondly, because I have more than once caught myself in the 
act of recording “false facts’ of a similar character. I have seen many 
feet of what I believed to be diluvial loam and sand removed, at the bottom 
of a slope and near running waters, and have seen the workmen come 
unexpectedly on a buried peat-bog. This I too hastily concluded was of 
ancient date; for I found soon after, that amongst the remarkable objects 
brought to me from this peat-bog, were a fragment of Roman tile and a 
sculptured stone. 

But Mr. Godwin-Austen has now mapped the district in which he found 
these vegetable remains', and I accept his evidence with much thavkful- 
ness,—as a diluvial epoch is much more agreeable to nature than any other 
solution of the difficulty. 

Exception has been taken to the use of the word “ diluvial’”’ as obsolete, 
and the agency of which it is the exponent is no longer recognized in geology. 
The language of geological dynamies does not as yet afford a better word : 
“ wave of transition” or “ earthquake-wave ” are both too periphrastic to 
be used adjectively; I therefore adhere to the more fluent “ diluvial.”” The 
idea it embodies as an agent of denudation will also not easily find a better 
expression. 


1 Journal of Geological Society, vol. xi. p. 114. 


Phil. Mag. 8. 4. Vol. 18, No. 84, Feb, 1857. I 
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ocation and diluvial action in the relation of cause and effects 
Two years after, a paper was read before the Geological Society, 
the joint production of Dr. Buckland and Sir Henry De la Beche, 
“ On the Denudations of the Dorsetshire Coast,” and published 
in the fourth volume of the ‘ Transactions,’ 2nd series, in 1836, 
At p. 43 they use these words :— 

“Tf we look for the cause of all this removal in any natural 
operations now proceeding within the district, we find not the 
shadow of any satisfactory explanation of that vast destruction 
of which it has been the scene. It is yain to appeal to the action 
of rivers, for in many parts where the denudation has been great- 
est there is not a streamlet or a single spring. The greatest 
streams we have in the district are the two insignificant rivulets 
of the Wey and Bredy. It is equally vain to appeal to meteori¢ 
agents, for we have a measure of the total amount of their effects 
in the fragments accumulated in the form of talus and landslips 
at the bottom of certain slopes and precipices, and in a few small 
accumulations of mud and sand in the low grounds. 

“The only satisfactory solution we can find is in the waters 
of a violent inundation, and in these we think we see a cause 
that bears a due ratio to the effects that have been produced, 

“ How far the causes of this inundation may be connected 
with the elevation of the strata in the immediate neighbourhood 
or in distant regions, is a subject which at present we conceive 
it premature to enter into, further than to suggest that the rela- 
tion of the one to the other may possibly be nearer than has 
been hitherto apprehended,” 

But these and similar views were speedily set aside by the 
dictates of a school ever zealous in the substitution of another 
order of causation,—a school which has become rather tyran- 
nical in the maintenance of its dogmas; not that they are not 
based on great and universal truths, but that they are too rigidly 
upheld, to the exclusion of all agencies of paroxysmal activity, 
notwithstanding that their existence is attested by the occasional 
occurrence of conglomerates of angular fragments, and the signs 
of tumultuary stratification, from the lowest to the highest stra- 
tified beds. 

In the admirable address of the noble President of the British 
Association at Glasgow, he is reported to have said, “It is one 
of the many observations of Sir C, Lyell, which have a much 
wider application than that to which they were specially directed, 
that the mistake of looking too exclusively to the grand results 
of geological change, and of referring them too readily to sudden 
agencies of tremendous activity and power, tended to check the 
advance of that science by discouraging habits of watchfulness 
over those operations which are contemporary with ourselves, 
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and the secret of whose power is to be found in the lapse of 
time.” 

Now, it may be fairly said, that if the noble Duke’s dictum is 
not more specious than true, his position is rather overstated. 
For fifty years I have been an observer of the progress of geo- 
logy, and my experience, if not opposed to, does not run exactly 
ina parallel line with this position. It was my good fortune to 
mix for a short time in the society in which Playfair and Sir 
James Hall gave the tone of geological research,—I witnessed 
the inauguration of Jameson and the Wernerian Society in the 
University of Edinburgh, and the temporary ascendency of the 
Wernerian doctrines; but neither then nor afterwards, when 
the geology of London began to assume consistency, did I wit- 
ness in either metropolis any obstruction given to the progress 
of sound knowledge by the speculations of the advocates of par- 
oxysmal activity. On the contrary, the impulse given by the 
two greatest exemplars of this school, by Cuvier in his ‘ Theory 
of the Earth,’ and Buckland in his Reliquie Diluviane, to the 
spirit of curiosity and inquiry, tended greatly to the advancement 
of true science, and actually paved the way for, and facilitated 
the reception of, the doctrines of Smith, Brongniart, Conybeare, 
Murchison, and a host of fellow-labourers, and finally of Sir 
Charles Lyell himself. 

On the contrary, the tide has long been setting too strongly 
in the other direction. And now, when a new element is want- 
ing to put us in harmony with nature and the opinions of the con- 
tinental geologists, who still talk of diluvial loam and diluvial 
drift, we find it most difficult to obtain a hearing from the too 
rigid adherents of a school who would transcend the zeal of their 
teacher, and to whom the word ‘ diluvial? is distasteful, because 
they do not appreciate its true significance and value. 

The apophthegm is rather trite, or it might not inaptly be op- 
posed to the proposition of the noble President,—that men may 
be so long accustomed to dwell on details, as to acquire a sort of 
microscopic vision, and grow insensible to the larger features, 
and unable to picture to themselves the great eventualities of 
nature. 

For as much as I have here and in my former essays attempted 
to expound, I rest in the conclusions,—that Elevation and Denu- 
dation have gone hand in hand ;—that there is a totality in the 
denudations of this part of our island that bespeaks their syn- 
chronism ;—and that the agencies of these changes have been of 
the most violent character. 


Pulborough, February 1856, 
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XVIII. Notes on Mineralogy..—No. 1V. On the Pitchstone Por- 
phyry of Lough Eske, Co. Donegal. By the Rev. Samunn 
Havueuron, M.A., Professor of Geology in the University of 
Dublin*. 

URING a visit to the Co. Donegal in the summer of 1856, 

I observed a remarkable series of dykes of felspathic trap 

and porphyry intersecting the granite of Barnesmore Gap, ex- 
hibiting occasionally a tendency to pass into a description of 
glossy pitchstone. Subsequently I was favoured by James Wood, 

Esq., of Castlegrove, with some specimens from the mountains 

beyond Lough Eske, in the same locality, which are genuine 

pitchstone, passing into amygdaloidal, or rather oolitic porphyry, 
the cavities being filled with a white mineral which I consider to 
be stilbite. As the locality is a new one for pitchstone, and 'the 
mineralogical composition of the rock unusual, I thought it 
might not be uninteresting to the readers of the Philosophical 

Magazine to place on record its analysis, and the result of my 

discussion of that analysis. 


Analysis of Pitchsione from Lough Eske, Co. Donegal. 


Per-centage. Atoms. 
It ee oe ns re 1-423 
ATA te OT i TOO 0°204 1. 
Peroxide of iron .-. . 9°36 0-104 f sisi 
fs tn wh ethic ah haat le 0151 
Magcnesiat «ou e » mone nae : 
Potaahots tel es) Si olga’ ot avigeyy AP mee 
rd Ea pec ah iepehl A Rhl Bag c 0-094. 
Loss by ignition . . . 5'13 0570 

99°71 


Assuming this rock to be composed of quartz, felspar and 
stilbite, and writing Q, F, S for the number of atoms of each 
mineral respectively, we find, since 

Quartz. ==, 510%, 
Felspar = RO, 810° + R? 03, 38103, 
Stilbite = RO, Si0?+ R? 0%, 38i03+ 6HO, 
Q+4F+48 = 1-423,: 
P48 = 0315, 


68 = 0°570. 

From these equations, we obtain readily, 
Q = 0:163, 
F = 0:220, 
S = 0:095. 


* Communicated by the Author, 
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oIf we take 314 for the atomic weight of stilbite, which accords 
with its usual composition, we find the following— 


Mineralogical Composition. 


QanartgzeacQol ON Sh) 07-38 
Felspar ~/0. 6). 62°55 
Stilbite*i25"'5. 225 2'29'83 


99°71 


It would be very desirable that an investigation similar to the 
foregoing were made into the composition of the different varieties 
of the vast and heterogeneous family of trap rocks. ‘The nomen- 
elature of this class of rocks is a reproach to geological science ; 
and no satisfactory classification can ever be made of these rocks 
which is not based on their chemical and mineralogical, as well 
as on their physical properties. Why should not such a body 
as the British Association undertake the task of reducing to order 
at least the British varieties of igneous rocks? The funds requi- 
site for the investigation could easily be procured, and the zeal 
of the members of the Association would supply specimens from 
every locality of interest: and certainly an authorized nomen- 
clature of igneous rocks proceeding from such a source would 
carry with it a weight which would go far to establish uniformity 
of language and precision of ideas on this important, but ne- 
glected, subject among British geologists. 

Let us take, for an example, the term clinkstone. This is a 
name given from a physical property common to it with many 
other rocks, including even limestones. The term was one 
formed in the infancy of geology, and has come to be used in a 
sense much more restricted than its original application ; it now 
signifies a fine-grained felspathic rock, of conchoidal fracture, 
generally of a grayish colour, and containing zeolites as well as 
felspar. This is the correct meaning of the term clinkstone ; 
and yet it is constantly applied to rocks which contain no zeo- 
lites, and some of which are not even of eruptive origin. This 
confusion as to the meaning of the term has led to the use of 
various synonyms, or quasi synonyms, of which it is sufficient 
to mention felspathic trap, hornstone and felstone,—the latter 
recently revived very usefully by the Government geological sur- 
veyors. Why should not all these terms, if retained at all, be 
used in definite senses ? The republic of geologists is small, and 
many of its citizens are well educated ; surely there could be no 
great difficulty in getting them all to use the same language. 


Trinity College, Dublin, 
January 14, 1857. 
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XIX. Chemical Notices from Foreign Journals. 
By E. Arginson, Ph.D. 


[Continued from vol. xii. p. 538. 


T is known from the researches of Magnus that arterial blood 
absorbs about 10 times as much oxygen as does water. M. 
Fernet*, with the idea that this greater absorption was not 
owing entirely to the blood-globules (for many substances 
having only a weak affinity for gases may impart to water the 
property of absorbing them ina considerable degree), has made a 
series of experiments on the solubility of gases in certain saline 
solutions. He took successively solutions of different degrees of 
contentration of the principal salts found in blood, and deter- 
mined their coefficient of absorption for gases, by means of an appa- 
ratus specially contrived by him for the purpose. For a description 
of this the memoir itself must be consulted. His experiments 
have as yet been confined to carbonic acid. A solution of chlo- 
ride of sodium containing 15 per cent. of the salt, diminishes the 
solubility of carbonic acid by about one half. With phosphate 
of soda the yolume of gas absorbed increases in a very rapid 
manner with the strength of the solution. All the numbers 
hitherto obtained appear to show that the coefficient of absorp- 
tion for carbonic acid in solution of phosphate of soda, is dedu- 
cible from the coefficient of absorption in pure water, added to the 
product of a constant coefficient multiplied by the strength of the 
solution. 

From this it would appear that there is, besides the solution 
of the gas in water, a true combination with the salt which com- 
plicates the phenomenon. This is also the case with carbonate 
of soda, with the exception that the coefficient is a different 
number. 


Schénfeld+ has investigated the coefficient of absorption in 
-water for sulphurous acid, sulphuretted hydrogen, and chlorine. 
‘The determinations were made by the chemical method, and not 
by the absorptiometer}. With sulphurous acid, an arrangement 
was adopted by which the water could be saturated with the gas 
at constant temperatures. A measured quantity of this was 
‘taken, and the quantity of gas absorbed determined by a solu- 
tion of iodine in iodide of potassium. As by the great absorp- 
tion of gas the volume of the solution is very perceptibly altered, 
this circumstance must be taken into account. The absorption 
‘was determined between 0° and 40°. 

For chlorine the same arrangement for absorption was used; 

* Annales de Chimie et de Physique, August 1856. 
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but as chlorine forms a hydrate at 10° C., the coefficient was 
only determined between 10° C. and 40° C, 

The chlorine was determined by mixing a measured quantity 
of the solution with a solution of iodide of potassium, and esti- 
mating the iodine set free. 

The absorption of sulphuretted hydrogen was made in a 
similar manner, and the gas absorbed estimated by mixing the 
solution with chloride of copper, and determining the sulphur 
in the sulphide of copper precipitated. Schénfeld has also made 
experiments on the absorption of mixtures of sulphurous acid 
and carbonic acid, and of sulphurous acid and hydrogen, and 
has found that the results obtained agreed well with the formule 
developed by Bunsen* for the absorption of gaseous mixtures. 


Carius+ has made a series of experiments on the absorption 
of various gases in alcohol, and has shown that the law of ab- 
sorption is the same for this liquid. This is also the case with 
mixtures of gases. Carius determined the absorbability of a 
mixture of carbonic oxide and carbonic acid, of carbonic oxide 
and marsh gas, of carbonic acid and hydrogen, of sulphurous 
acid and hydrogen, and of a mixture of three gases, carbonic 
oxide, marsh gas, and hydrogen. In all these cases the results 
agreed with the numbers required by Bunsen’s formule. 

The same chemist has also proved ¢ that the law of absorption 
is applicable in the case of ammonia. The determinations were 
made by the chemical method; the quantity of ammonia dis- 
solved at a given temperature being estimated by a standard 
solution of sulphuric acid. With a mixture of hydrogen and of 
ammonia the law of absorption also prevails. 


Recent. determinations of the atomic weight of antimony 
made by Schneider and Rose, will render necessary a material 
alteration in the number usually adopted. In Schneider’s§ ex- 
periments, the material employed was a native sulphuret of 
antimony, of an extraordinary degree of purity, which occurs at 
Arnsberg. The only impurity it contains is about 3 per cent. 
of quartz, which was always brought into calculation. The 
mode of determination was by reducing it to the metallic state 
and weighing it as such. The reduction was effected by heating 
it in a difficultly fusible glass tube, and passing hydrogen over 
it: the reduction takes place at a temperature at which only 
the merest traces of sulphuret of antimony are volatilized, and 
at which the glass is not melted. The sulphuret of antimony 
volatilized was collected and estimated, but when the current 
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of gas was not too rapid, its quantity did not exceed:a milli- 
gramme, even when the weight of sulphuret was 6to 8 grammes, 
It was with great difficulty that the last traces of sulphur were 
expelled from the antimony, and it» was found necessary to 
estimate this by dissolving the residual metal in aqua/regia; 
the quartz which remained undissolved: was. collected, and 
weighed. Tie solution was then evaporated to dryness, the 
mass heated to expel free acid, and after treatment by boiling 
water, it was digested with pure carbonate of soda. The oxide 
of antimony which separated was filtered off, and the sulphuric 
acid contained in the filtered liquid estimated as sulphate of 
baryta. The quantity of sulphur deduced Nis the sulphate of 
baryta thus obtained, never exceeded >755 of the weight of 
antimony. 

Hight experiments made in this way, and with perfectly 
concordant results, gave a mean of 71°48 antimony and 28°52 
of sulphur. Taking the equivalent of sulphur as fixed, the 
equivalent of antimony deduced from these numbers will be 
1503°8 on the oxygen scale, or 120°3 for hydrogen=1. The 
last determination of Berzelius had fixed the equivalent at 1612°9, 
or 129 on the hydrogen scale. 

In confirmation of Schneider’s results, Rose has published* a 
determination of the atomic weight of antimony, which had been 
some time ago effected by Dr. R. Weber. He used for this 
purpose the solid terchloride of antimony, SbCl’. This was 
dissolved in water containing tartaric acid (since water alone 
decomposes chloride of antimony), and the antimony precipitated 
by passing sulphuretted hydrogen through the liquid. In the 
filtrate from the precipitate of sulphide of antimony, the chlo- 
rine was determined as chloride of silver. It was thus found 
that 53°15 parts of antimony corresponded to 46°85 of chlorine, 
from which Rose deduces the equivalent of antimony to be 
1508,666, or 120-6 on the hydrogen scale. 

It is teresting to notice that the arithmetical mean between 
the new equivalent of antimony 120°3, and the equivalent of 
phosphorus (31:0 Schrotter), is 75°65, which is very nearly the 
equivalent of arsenic (75:0 Pelouze). There appears therefore 
to subsist between these three bodies a similar relation to that 
which exists between barium, strontium, and calcium. 

The new equivalent of antimony will give to many analyses of 
antimonial compounds which had appeared faulty their due value, 
Kermesite contains, according to the old equivalent, 76°25 per 
cent. antimony. Rose’s analyses gave 75°06 per cent. antimony ; 
on the new equivalent it contains 75°04 per cent. Ina research 
on the antimoniates made some time ago, Heffter assigned to 
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them the general formula MO, HO +12(MO, SbO°+27HO), in 
whieh M expresses the positive metal, andthe number of atoms 
of water. This relation of 13 equivalents of base to 12 equiva- 
lents of acid was so unusual, that the formule were generally 
received with some mistrust. But on calculating Heffter’s results 
with the new equivalent of antimony, numbers are obtained 
which agree very well with the general formula MO, SbO°+2HO, 
thus establishing their relation with a large class of salts. 


Mallet* has recently made a determination of the atomic 
weight of lithium. He estimated the chlorine in a very pure 
specimen of chloride of lithium prepared from spodumene, and 
took much larger quantities than had hitherto been done. As 
the mean of three very closely agreeing experiments, ke obtained 
the number 86°89, or 6°95 on the hydrogen scale. This number 
is higher than that found by Berzelius, 6°54, and which has 
hitherto been usually adopted ; but Mallet shows that the method 
used by Berzelius was not entirely free from objection. Mallet 
points out, that if we take the mean of the equivalents of lithium 
and potassium, we get 

6:95 — 18 _ 93:06, 


which is almost exactly the equivalent of sodium, 23°00, as 
determined by Pelouze. 


Troost+ has published some experiments on lithium and its 
compounds. The method by which he obtained the lithia salts 
is suitable for their preparation on a large scale. It con- 
sists in heating im a crucible in a good wind-furnace, lepi- 
dolite mixed with carbonate and sulphate of baryta in certain 
proportions. At the bottom of the crucible there is obtained a 
glass perfectly melted but viscous, and above a very fluid mass, 
which may readily be poured off while hot. This consists of a 
mixture of sulphate of baryta, potash and lithia. By treating 
this with water, the alkaline sulphates are dissolved out. Lithia 
may also be obtained from petalite by the same process, if a 
sufficient quantity of alkalies be added to make the whole pro- 
portion the same as in lepidolite. 

Troost obtained lithium by Bunsen’s method. Healsomadea 
great many attempts to procure it by the method used by Deville 
in the preparation of sodium. ‘To this end he heated a mixture 
of carbonates of lithia, chalk, and charcoal to a white heat for 
several hours. It wasfound, however, that lithium was not volatile. 
By acting on chloride of lithium with sodium, an alloy of lithium 
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and sodium is produced. Lithium has the greatest analogy in 
its chemical relations to magnesium, and it appears to play the 
same part in the series of alkaline metals as magnesium in the 
series of alkaline earths. 


M. Riche* has investigated tungsten and some of its com- 
pounds. He prepared the metal by passing hydrogen over 
tungsten heated to a very high temperature. At lower tem- 
peratures bodies containing more or less oxygen are formed. 
The tungsten thus produced is not melted, or even aggregated ; 
it is m the form of small crystalline grains, which by friction 
assume a metallic lustre, and scratch glass with great ease ; 
exposed in a wind-furnace to a temperature sufficient to soften 
the crucible in which it was contained, it remained solid, and 
it could only be melted by employing a Bunsen’s battery of 
200 elements. 

Tungsten is acted on by air or even by oxygen only at a high 
temperature, and is only attacked by chlorine at 300 degrees. 
It is slowly oxidized by nitric acid to tungstie acid, and by 
strong sulphuric or hydrochloric acids it is converted first into 
the oxide of tungsten, and finally into tungstic acid. Heated 
with iodide of methyle in a closed tube, an organo-metallic 
compound is produced which has the formula 3(C? H®) W, I. 

Riche determined the equivalent of tungsten by passing 
hydrogen over perfectly pure tungstic acid. He obtained 
results which fixed the number at 87. This is a little lower 
than the number usually admitted, and probably arises from 
the greater purity of the substance used in this case. 

The oxychloride is readily obtained by passing chlorine over 
a mixture of tungstic acid and powdered charcoal heated to dull 
redness, and redistilling the product formed in a current of 
hydrogen. It has the formula W, Cl? O, and forms with water 
tungstic and hydrochloric acids, 

W Cl?0+2HO=W O3+2HCI. 

Terchloride of tungsten, W Cl, is obtained by passing chlorine 
over metallic tungsten, moisture being carefully excluded. It 
crystallizes on sublimation in long steel-gray needles which melt 
at 218 degrees, and the fracture of which presents the appear- 
ance of iodine. The bichloride W Cl? is obtained in small 
quantities by passing hydrogen over the terchloride. Bisul- 
phide of tungsten is obtained by melting together equal weights 
of tungstate of potash and sulphur until gentle fusion. On 
treating the cooled mass with water the bisulphide is left in 
small acicular crystals of a black colour, which are changed to 
red by contact with the air. 
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Peligot* describes a method for obtaining pure metallic ura- 
nium. He prepares green protochloride of uranium by the action 
of chlorine on a mixture of an oxide of uranium and carbon at a 
high temperature. A quantity of sodium sufficient to decom- 
pose the protochloride of uranium is placed in a porcelain crucible 
and on this a layer of chloride of potassium ; and this is covered 
with a mixture of the same salt and of protochloride of uranium. 
The crucible with its cover is placed in another crucible, which 
is filled up with charcoal powder. The addition of chloride of 
potassium has the object of rendering the action less active and 
less instantaneous. 

The crucible is heated until the reaction is set up, which is 
known by a sound heard at the moment; the crucible is then 
removed to a wind-furnace, and heated to a white heat for 15 or 
20 minutes. When the crucible is cold, a melted slag is found 
which contains globules of uranium. 

The metal thus prepared has a certain malleability: it is not 
so hard as steel ; its colour is like that of nickel or iron. 

It assumes in the air a yellowish tint in consequence of a slight 
superficial oxidation. Heated to redness, it exhibits a sudden 
incandescence, and becomes covered with a voluminous black 
oxide, in the interior of which some unoxidized metal is found 
if the heat has not been carried too far. 

Its specific gravity is 18:4, and it is therefore next to gold and 
platinum, the heaviest body. The metal may also be prepared by 
the action of aluminium on the green chloride of uranium. This 
action is evidently due to the greater volatility of the chloride of 
aluminium. 

M. de St.-Claire Deville} gives a description of two forms of 
apparatus which he uses for the production of very high tempera- 
tures. His description is accompanied by drawings, without which 
it is difficult to give an adequate idea of their construction. One 
of them is a lamp-forge which he uses in the production of high 
temperatures in mineral analysis ; by its means a temperature very 
near that of an iron assay may be produced ; felspar and albite 
melt and become liquid. The fuel used is oil of turpentine, but 
other volatile oils may also be employed. The principle of the fur- 
nace is to increase as much as possible the surface of the carbon, 
and to restrain the combustion within a very small height. For 
fuel he uses cinders freed from slag and ash, and about the size of 
a hazel-nut, by which a higher temperature is obtained than with 
gas-coke. 

At the elevated temperature obtained by this furnace, the best 
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earthen crucible becomes as liquid as glass. This‘arises from the 
impurities accompanying the clay, for the silicates of alumina, 
especially those containing an excess of alumina, do not melteasily. 
In one experiment, Deville found that platinum was melted ata 
temperature at which topaz was not attacked. Deville ‘used 
erucibles.of quicklime, which are simply cut with a knife from 
pieces of lime well baked and slightly hydraulic. For certain 
experiments he used crucibles and tubes of carbon, cut in a lathe 
from the graphite of gas retorts. They may be purified by passing 
a stream of chlorine over them while heated to redness. This 
deprives the graphite of the sulphur, iron, silica, and alumina, 
which are converted into the chlorides and volatilized. Crucibles 
of alumina are also used for certain operations. 

With this furnace Deville has sueceeded in melting many 
substances of the most infusible nature. Platinum melts”in a 
lime crucible, and has then properties very different to those of 
the ordinary metal. Ordinary platinum may be shown to be full 
of minute holes; the melted platinum is quite free from these: 
melted platinum does not determine very readily the union of 
hydrogen and oxygen; it has great malleability and ductility. 
When the heat is raised a little above the melting-point of plati- 
num, it volatilizes with great facility. When the experiment. is 
made in two crucibles, both hermetically sealed, there is found 
on the cover of the outer crucible a multitude of little globules 
of platinum, some as large as a pin-head, others only to be seen 
with the lens, and presenting very much the appearance of the 
globules of mercury obtained in blowpipe analysis. 

Metallic manganese is obtained by mixing pure peroxide with 
a quantity of sugar-charcoal not quite sufficient for its complete 
reduction, placing the mixture ina lime crucible which is enclosed 
in another and heated under certain precautions. 

The metal is found united to a regulus, and surrounded by a 


reddish-violet crystalline mass, which may be a spinelle of man- . 


ganese and lime, Mn? 0°,CaO. The metal is pure; it contains 
no carbon, having been melted in an excess of oxide. It has 
a rose-coloured reflexion like bismuth, and is brittle like that 
metal, although it is very hard. Its powder decomposes water 
at a point a little above the ordinary temperature. 

Chromium was obtained by melting pure oxide of chromium 
with a quantity of carbon insufficient for complete reduction. 
It was melted, but not to a regulus, although the heat employed 
would have fused and volatilized platmum. Chromium ‘cuts 
glass like diamond; it is about as hard as corundum. It is 
attacked by hydrochloric acid, but not by nitric acid, whether 
dilute or concentrated. 

Nickel is obtained like manganese; it melts to a very homo- 
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geneous regulus, which is forged with great ease. Its ductility 
is almost unlimited, and its tenacity is as great as that of iron. 
A nickel wire which requires 90 kilogrammes to break it, has 
the same diameter as an iron wire which is broken by 60 kilo- 
grammes. 

Cobalt is prepared in the same way. It is as ductile as nickel, 
and more tenacious. Its tenacity is to that of nickel as 115 to 
90. Cobalt is hence nearly twice as tenacious as iron. 

Silica is the most refractory body on which Deville has ex- 
perimented, but even this he has succeeded in melting. 


XX. Polarized Light vibrates in the Plane of Polarization. 
By C. H. A. Horzmann*. 


z. ii we take a diffraction grating with parallel slits, which, 
for the sake of shortness of expression, I will assume 
shall stand vertical, and if upon this grating a horizontal pencil 
of light be allowed to fall, the light will be spread out by diffrac- 
tion in a horizontal direction. If the incident light be plane 
polarized, we shall be able to decompose its vibrations into ver- 
tical, which are thus parallel with the slit, and into horizontal, 
The vertical vibrations will not be changed by diffraction ; the 
horizontal ones, however, will; they will be decomposable into 
such as lie in the direction of any assumed diffracted ray, and 
into such as are normal to this direction. The first will give 
condensed waves in this direction, and will not be perceived as 
light ; the second, on the contrary, will proceed as transverse 
waves in the direction of the diffracted ray, and, together with 
the vertical vibrations proceeding in the same direction, will give 
* the diffracted light. 

The diffracted light has hence the same vertical, but another 
and smaller component than incident light ; and the direction of 
its vibration cannot therefore coincide with the direction of vibra- 
tion of the incident light. It must be steeper than the latter. 

From this it is easy to determine the direction of vibration in 
the diffracted light. If the direction of the incident ray of light 
be normal to the surface of the diffraction grating, and if s be 
the distance of an ether particle at the time ¢ from its position 
of equilibrium, then, under the assumption that transverse waves 
only meet the grating, the vertical projection of s, if « be the 
angle of the direction of vibration, or of s with the vertical, is 
equal to 

$ COS & ; 


* Translated by Dr. E. Atkinson from Poggendorff’s Annalen, No. 11, 
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and the horizontal projection falling on the plane of the grating 
is equal to 
ssin a, 


For a diffracted ray which forms with the continuation of the 
incident ray the angle 8, the angle of diffraction, the vibration, 
which is given by ssin #, decomposes into one, in the direction 
of the diffracted ray, for which the distance of the zther particle 
from its position of rest is : 

ssinasin 8; 


and into a vibration normal to the diffracted ray, which is given 
by the distance 


ssinacos Pf. 


This last vibration gives with the vertical s cos « the transverse 
vibration, which propagates itself in the direction of the diffracted 
ray ; and this vibration occurs under an angle «, with the vertical, 
for which we have 
ssinacos 8 


ane =tanecosB.  . . (1) 


tan ¢,= 

This formula agrees with that which Stokes, in his large 
memoir on the Dynamical Theory of Diffraction, has found in 
another manner. 

2. The consideration of the preceding paragraph can be used 
in two ways to determine the direction of vibration of polarized 
light. Either we can measure the angle which the plane of po- 
larization of the incident ray forms with the vertical,—let it be y, 
—and also the angle of the plane of polarization of the diffracted 
ray with the vertical, which shall be y,. Then if y, be greater 
than y, the light vibrates normally to the plane of polarization ; 
or if y, be smaller than y, the light vibrates in the plane of po- 
larization ; one of these two positions of the direction of vibra- 
tion must take place, and the direction of vibration must be 
steeper in diffracted light, or nearer to the vertical, than in inci- 
dent light. 

A second method of investigation is as follows :—If we let the 
diffracted light pass through a double-refracting prism, which is 
so placed that the two images seen through it stand vertical over 
one another, then the one will be produced by the horizontal, 
and the other by the vertical vibrations of the diffracted light, at 
least by the method by which double-refracting prisms are usually 
constructed. The first will thus be formed by the vibrations 


ssin 2 cos 8, 
and that with the vertical vibrations by 
$ COS a 
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The intensities of these images will therefore stand in the relation 
(tan « cos 8)?: 1. 


Thus if we take a=45°, that is, place the plane of polarization 
of the incident light at 45° to the vertical, the intensities will be 
related as 

cos 67:1, 
which will be for 8B=30°, 


a 


and therefore already appears very perceptibly. The difference 
will be still greater with larger angles of diffraction, The feebler 
image is that produced by the horizontal vibrations. 

3. The first of these methods of observation is that chosen by 
Stokes; I used the second, which gives in a shorter time the 
wished-for instruction. 

I used at first gratings which were produced by divisions in 
glass, but without getting a distinct result; these give very 
irregular results with respect to the polarization of diffracted 
light, which is easily explained. From the diffraction apparatus I 
now took a Schwerd’s lampblack grating, and this showed very 
distinctly the difference in the brightness of two superimposed. 
pictures for somewhat large angles of diffraction. For this I 
allowed sunlight to pass through a vertical slit into a dark cham- 
ber, in which this light was first polarized by a Nicol’s prism, 
whose principal section was inclined at an angle of 45° with the 
vertical. After this the light met the black grating by entering 
through the glass, and passing out from the grating which was 
uncoyered behind, The diffraction spectra were observed as 
usual by a telescope placed behind the lampblack grating, by 
which the black grating remained undisturbed, and the telescope 
alone was rotated horizontally about the middle line of the lamp- 
black grating. 

When, betore the ocular of the telescope, a double-refracting 
prism was placed, and this was turned so that the vertical thread 
of the cross in both the visible spectra was seen in one vertical 
line, both the images in the middle of the diffraction, for B=0, 
where the slit is seen white, were found to be equally bright. 
And only towards the outside, when 8 was about 20°, was one 
of these perceptibly darker than the other. This difference in 
the brightness of both the images of the parts of the diffraction 
spectrum, seen at one time, increases from this point very per- 
ceptibly. Here the feebler image is that produced by the hori- 
zontal vibrations, 

If, now, we investigate, with this double-refracting prism in the 
same position, the light that comes from a Nicol whose principal 
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section is vertical, we find that the image which. was hitherto 
the feebler, remains, and that the image which was previously 
the stronger disappears ; that is, a Nicol’s prism, whose prineipal 
section stands vertical, transmits only horizontal vibrations, or the 
vibrations of light occur in the plane of polarization. 

4. Stokes found, from measurements of the angles y and y,, 
the opposite result. I endeavoured therefore to measure’ also 
the inclination of the plane of polarization towards the vertical 
with light diffracted by the lampblack grating; but I found 
everywhere and decidedly that this angle of the plane of polari- 
zation of the diffracted light with the vertical is the smaller, the 
larger is the angle of diffraction ;-and that this angle is always 
smaller than in the incident light ; so that it follows from this, 
that light vibrates in the plane of polarization, and not at right 
angles to it. The results of my measurements, compared with 
the formula (1), are contained in the following Table :— 


Angle of the vibrations of the 


Angle of Augie of the in- | atracted light with the vertical, 


cident vibrations 


diffraction, | vith the vertical, %, OF Yj Difference. 
B- “ory. Sissi bat ST 
Observed. Calculated. 

° I ° Ul ° / ° é ° é 
10 36 45 36 44 27 45 9 —U 42 
20 17 44 5 40 32 42 15 —1 43 
20 35 45 36 40 52 43 43 —2 51 
31 5 45 0 38 6 40 35 —2 29 
32 15 45 36 38 4 40 49 —2 45 


We see that the angles which I obtained for the plane of po- 
larization in diffracted light are decidedly smaller than those in 
incident light, so that there can be no doubt about the directions 
of the vibrations of the light, whether in, or at right angles to, 
the plane of polarization. But we see that the formula gives by 
no means with accuracy the angle of the direction of vibration in 
the incident light, so that there is still something to be investi- 
gated here. At first I believed that I could explain these devia- 
tions, from the fact that longitudinal waves, which the incident 
Nicol transmits to the diffraction grating, would give a transverse 
component in diffracted light. But I convinced myself by expe- 
riments, that I could find nothing perceptible, at least, of such 
light resulting from longitudmal vibrations by diffraction, at 
any rate with my apparatus; from which it follows, that here 
also no such longitudinal vibrations are transmitted through 
the Nicol. This has been hitherto generally assumed, but, as 
far as 1 know, never been proved. To this point I hope to return 
at another time. 

Stokes arrived at his erroneous results from investigations 
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owhich he instituted with glass gratings. I experimented also at 

‘first with these, and at times I thought I had obtained the direc- 
tion of vibration as Stokes had found it; but I could never find 
any regularity. The glass gratings, that is, such as are produced 
by incisions with the diamond in glass, are not suitable for 
this purpose, because the irregular surface of the section com- 
plicates the phenomenon. ‘To this circumstance I ascribe the 
error of Stokes. 
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SS following communication was read :— 

**On the Figure, Dimensions, and Mean Specific Gravity of the 
Earth, as derived from the Ordnance Trigonometrical Survey of Great 
Britain and Ireland.’’ Communicated by Lieut.-Colonel James, R.E., 
F.R.S. &c., Superintendent of the Ordnance Survey. 

The Trigonometrical Survey of the United Kingdom commenced 
in the year 1784, under the immediate auspices of the Royal Society ; 
the first base was traced by General Roy on the 16th of April of 
that year, on Hounslow Heath, in presence of Sir Joseph Banks, 
then President of the Society, and some of its most distinguished 
Fellows. 

The principal object which the Government had then “n view, was 
the connexion of the Observatories of Paris and Greenwich by-means 
of a triangulation, for the purpose of determining the difference of 
longitude between the two observatories. 

A detailed account of the operations then carried on is given in 
the first volume of the ‘ Trigonometrical Survey,’ which is a revised 
account of that which was first published in the ‘ Philosophical 
Transactions” for 1785 and three following years. 

At the time when these operations were in progress, the Survey of 
several counties in the south-east of England, including Kent, Sussex, 
Surrey, and Hampshire, was also in progress, under the direction of 
the Master-General of the Ordnance, for the purpose of making 
military maps of the most important parts of the kingdom in a mili- 
tary point of view; and it was then decided to make the triangula- 
tion which extended from Hounslow to Dover the basis of a trian- 
gulation for these surveys. 

It is extremely to be regretted that a more enlarged view of the 
subject had not then been taken, and a proper geometrical projection 
made for the map of the whole kingdom. As it is, the south-eastern 
counties were first drawn and published in reference to the meridian 
of Greenwich, then Devonshire in reference to the meridian of But- 
terton in that county, and thirdly the northern counties, in reference 
tothe meridian of Delamere in Cheshire ; but there is a large inter- 
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mediate space, the maps of which are made of various sizes to ac- 
commodate them to the convergence of the meridian. 

In 1799 the Royal Society gave further proof of the interest it 
took in the progress of the Survey, by lending to the Ordnance its 
great 3-foot theodolite, made by Ramsden, for the purpose of expe- 
diting the work of the Survey ; and although this instrument has 
been in almost constant use for the last sixty-seven years, during 
which time it has been placed on the highest church towers and the 
loftiest mountains in the kingdom, from the Shetlands to the Scilly 
Islands, it is at this day in perfect working order, and probably one 
of the very best instruments that was ever made. 

The great Trigonometrical operations of the Survey have been 
carried on under so many officers, from the time of their commence- 
ment under General Roy down to the present time, that it would be 
quite impossible, in this short notice, to mention more than the names 
of several Superintendents who have succeeded General Roy, viz. 
Colonel Williams, Major-General Mudge, Major-General Colby, and 
Colonel Hall; but in justice to the highly meritorious body of non- 
commissioned officers of the Corps of Royal Sappers and Miners, it 
should be stated, that whilst in the early part of the Survey the most 
important and delicate observations were entrusted solely to the com- 
missioned officers, these duties have of late years been performed by 
the non-commissioned officers with the greatest skill and accuracy. 

The computations connected with the corrections of the observed 
angles, to make the whole triangulation as nearly as possible perfectly 
consistent, have been most voluminous, and have been made under 
the direction of Lieut.-Colonel Yolland, Captain Cameron, and 
Captain Alexander R. Clarke ; but Col. James gladly avails himself 
of this opportunity to acknowledge the great and important assist- 
ance and advice which, both as regards the instruments and the cal- 
culations, have at all times been received from the Astronomer Royal, 

The triangulation, by the methods which will be explained, is now 
made consistent in every part, so that any side of any triangle being 
taken as a base, the same distance will be reproduced when it is 
computed through any portion or the whole series of triangles ; and 
when the five measured bases relied on are incorporated in this 
triangulation, the greatest difference between their measured and 
computed lengths is not as much as 3 inches, and yet some of the 
bases are upwards of 400 miles apart. 

Several bases of from five to seven miles long have been measured, 
but those upon which the chief reliance has been placed are the 
Lough Foyle and Salisbury Plain bases which were measured with 
General Colby’s compensation bars. The difference between the 
measured and computed length of the one base from the cther through 
the triangulation is 0°4178 ft., or about 5 inches. 

This difference bas been divided in proportion to the square root 
of the lengths of the measured bases, by which the mean base which 
has been used in the triangulation has been obtained ; there is there- 
fore a difference of + or —0'2ft., or 24 inches between the mea- 
sured and computed length of these bases from the mean base, 
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The Hounslow Heath base was measured with Ramsden’s 100 ft. 
steel chains, and only differs 0-173 ft., or about 2 inches, from its 
computed length from the mean base. 

The Belhelvie base in Aberdeenshire, also measured with the steel 
grein, differs only 0-24 ft., or less than 3 inches, from the computed 

ength. 

The difference between the measured and computed length of the 
Misterton Carr base, near Doncaster, also measured with the steel 
chains, is only 0-157 ft., or less than 2 inches ; and it will be ob- 
served that the difference between the computed and measured 
lengths of these three bases (measured with chains) is not greater 
than the difference between the measured and computed length of 
the Lough Foyle and Salisbury Plain bases (measured with the com- 
pensation bars), from which it may be inferred, that bases measured 
with steel chains are deserving of the greatest confidence ; and when 
the great simplicity, portability, and cheapness of the chains are 
compared with the complex, heavy and expensive apparatus of the 
compensation bars, it may be anticipated that they will be more 
generally employed than they have been of late years, especially in 
the colonies, and in countries where the transport of heavy articles is 
effected with difficulty. ° 

The length of the base on Rhuddlan Marsh in North Wales, which 
was measured with steel chains, differs 1-596 ft. from the computed 
length ; but from the circumstance that the extremities of the base 
are very badly situated with reference to the surrounding Trigono- 
metrical stations, the angles being very acute and not well observed, 
little confidence has been placed in the result of the comparison of 
its computed and measured length. 

One of the first practical results arising from the completion of 
the triangulation is, that it is now possible to engrave the latitude 
and longitude on the marginal lines of the old sheets of the one-inch 
Map of England, and this is now being done. 

The following account of the Trigonometrical operations and cal- 
culations has been drawn up by Captain Alexander R. Clarke, R.E. ; 
this account may be considered an abridgement of that more detailed 
account which is now in the press, and will be shortly published. 

It will be seen that the equatorial diameter of the earth, as derived 
from the Ordnance Survey, is 7926°610 miles, or about one mile 


greater than it is given by the Astronomer Royal in his ‘Figure of 


the Earth,’ and that the ellipticity is +, or as the Astronomer 


Royal conjectured, something “ greater than ap” which he gives in 
the same paper. 

The mean specific gravity of the earth, as derived from the obser- 
vations at Arthur’s Seat, was stated in a former paper to be 5:14; the 
calculations have since been revised, and it is now found to be 5:316. 

The mean specific gravity of the earth, as derived from the only 
other observations on the attraction of mountain masses on which 
any reliance has been placed, viz. the Schehallien observations, is, as 


finally corrected by Hutton, 2, or almost 5:0. 
K 2 
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From the experiments with balls we have the ramen results :— 


By Cavendish, as corrected pe! Baily... 5°448 
By Baily .. tae » seid y sLbrer OM 
By Reich. 17. 2 << 3). Wiles na Senet Lb dw ates 


From the pendulum experiments, at a great depth and on the 
surface, the Astronomer Royal obtained 6°566. 

Two copies of the new National Standard Yard have recently been 
received through the Astronomer Royal, and it is obviously neces- 
sary that the geodetic measures should be given in reference to the 
standard ; but not knowing from what scale the standard has been 
taken, Col. James is unable to say at present in what way the re- 
duction is to be made ; that is, whether by reference to the compa- 
rison of the old standards which have been already made, or by the 
mechanical process of a direct comparison of the Ordnance Standard 
with the new National Standard. 

This introductory explanation by Col. James is followed by an 
account of the Trigonometrical operations and calculations; the fol- 
lowing is a brief statement of the results :— 

“1st. The four bases of verification, when their measured lengths 
are compared with their lengths as calculated from a mean of the 
Lough Foyle and Salisbury Plain bases, show the following discre- 
pancies :— 

Hounslow. | Misterton Carr. | Rhuddlan Marsh. | Belhelvie. 
+0°173 —0°157 +1596 +0°240 

“2nd. The elements of the spheroid most nearly representing the 
surface of Great Britain are— 


Feet 0. Miles. 
Equatorial semidiameter= 20926249 = 3963-305 


1 
Polar semidiameter  =20856337=3950-064 29933 
** 3rd. The elements of the spheroid most nearly representing the 
whole of the measured ares considered in this paper are— 


Feet 0. Miles. 
Equatorial semidiameter = 20924969 = 3963-064 


1 
Polar semidiameter = 20854743 =3949-°760 297-96 
“4th. The lengths of the degrees of latitude and longitude in 
Great Britain are as in the following Table :— 


compression = 


compression = 


From Ordnance Survey. From the 2nd Spheroid. 
Mean ees ee ee 
latitude.) Tength in ft. of | Length in ft. of | Length in ft. of op th in ft. of 


1° of latitude. | 1° of longitude. | 1° of latitude. of longitude. 


50 364936:33 235227:42 364912°65 235215:15 
51 364999:14 2303 12°27 364975 °74 230300:33 
52 365061°50 225326°39 36503838 225314°75 
53 36512334 220271°15 365100°51 220259°79 
54 36518458 215148-11 365162-02 215137-12 
55 365245°15 209958°83 365222°86 209948:14 
56 365304°96 204704:93 365282 '94 204694:56 
57 36536396 199387:90 365342°20 199377°84 
58 365422:06 194009:37 36540057 193999:63 
59 36547920 188571-00 365457:97 18856157 
60 365535'30 183074:50 365514-32 183065°41 


IT 
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May 22.—The Lord Wrottesley, President, in the Chair. 


The following communications were read :— 

“On the Application of Photography to the physionomic and 
mental phenomena of Insanity.” By Hugh W. Diamond, M.D. 

The position of the author, as Medical Superintendent of the Surrey 
Lunatic Asylum, has enabled him to make the peculiar application 
of Photography, of which he gives an account in the present commu- 
nication. He points out the advantages to be derived from photo- 
graphic portraits of the insane, as faithfully representing the features 
of the disease in its different forms, or its successive phases in the 
same patient, and as affording unerring records for study and com- 
parison by the physician and psychologist. In the course of the 
paper frequent reference is made to the series of photographie por- 
traits of lunatic patients with which it was accompanied. 


“On the Problem of Three Bodies.” By the Rev. J. Challis, 
M.A,, F.R.S., F.R.A.S. 

The object of the author is to give an approximate solution of the 
Problem of Three Bodies, equally applicable to the motion of the 
moon and to that of a planet, in which the forms of the develop- 
ments of the radius-vector, longitude, and latitude in terms of the 
time, are directly determined by the analysis. The solution to the 
first power of the disturbing force is effected by means of the follow- 
ing three equations, in which the letters have the significations 
usually given to them in the planetary theory : 


dr? h® Qu @0/ (dR dR ah 
Ain ES al ee ses see 25 ab 
dat 7 ? 1h a wal Aap a) dr dt 

dR 


dit 73 * de 
After substituting in the right-hand side of the first equation, the 
values of r and @ given by a first approximation in which the disturb- 
ing force is neglected, that side becomes a known function of ¢. The 
equation can then be integrated approximately so as to give the de- 
velopment of 7 in terms of ¢ to the first power of the disturbing 
force, and to any power of the eccentricity it may be thought proper 
to retain. By substituting in that term of the second equation 
which does not contain the disturbing force the value of 7 thus ob- 
tained, the integration of the equation gives the development of 0 in 
terms of ¢, and lastly by substitution in the third equation ¢ is simi- 
larly developed. The author has shown the practicability of this 
method by obtaining values of 7 and 0 to terms of the order of the 
eccentricity multiplied by the disturbing force. 'The development of 
the latitude, and a more particular application of the method to the 
motion of the moon, are reserved for future consideration. The 
particular advantages of this mode of solution are, that being free 
from all assumption as to the forms of the developments, it gives 
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those which are alone appropriate to the problem, and it evolves 
both the periodic and the secular inequalities by the same process. 
Terms containing ent as a factor, which are met with in other solu- 
tions of the same problem, do not occur in this method ; but there 
are terms containing the factor e'x¢, which are shown to be convert- 
ible into periodic functions, and to have reference to secular varia- 
tions of the eccentricity and of the motion of the apse. The paper 
concludes with some general remarks on the principle of this approxi- 
mate solution of the problem of three bodies, and an explanation of 
the analytical circumstances which make it, in common with the 
method of the variation of parameters, proper for determining 
directly the motion of the apses of an orbit. 


«Qn some of the Products of the Distillation of Boghead Coal at 
low temperatures.”’ By C. Greville Williams, Esq. 

In presenting a brief preliminary notice of an investigation of the 
substances obtained by distilling boghead coal at low temperatures, I 
may observe that I was induced to undertake it from remarking the 
low density of the naphtha produced in the process ; it being only 
‘750 at 60° F., although its boiling-point, previous to the rectifica- 
tions, was as high as 290° F. 

After fifteen complete fractionations of the portion distilling below 
310° F., boiling-points were obtained as low as 170°, and it was 
found that the fluid could be separated, by careful treatment with 
fuming nitric, or a mixture of nitric and sulphuric acids, nto two 
bodies, one forming a nitro-compound, the other being unacted on. 
The latter was washed several times with a strong alkaline solution, 
and, after being digested for a few days with sticks of potash to 
remove adherent moisture, rectified over sodium. In this manner I 
obtained a colourless and very mobile fluid with a pleasant odour, 
distantly resembling that of hawthorn blossoms. Its density at 60° 
was *720. 

I selected the fraction boiling in the fifteenth rectification at 
240° F. to make a preliminary experiment upon, and, after purifica- 


tion in the manner described, it gave in three perfectly concordant . 


analyses, exactly the per-centage of carbon and hydrogen required 
for butyle (valyle of Kolbe), the radical of the butylic alcohol. Two 
determinations of the vapour density, taken respectively at 80° and 
107° above its boiling-point, gave numbers closely coinciding with 
theory. 

When it is considered that 68° or more of difference of boiling- 
point only cause a variation of 0°3 in the per-centage of carbon and 
hydrogen of bodies of this class, it becomes evident that if I had 
taken the fraction boiling at 223° (Wurtz) or 226° (Kolbe), it would 
have yielded the same results. This point is now under examination. 

The formula 

C H*=4 vols., 


corresponds not only to butyle, but also to the hydruret of caprylyle, 
and, of course, both these bodies have the same vapour density ; but 
several circumstances lead me to believe the hydrocarbon I have 


: 
. 
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obtained to be the radical of the butylic aleohol. The density of the 
fluid, and the temperature at which it distils, are also rather in 
favour of this view. It will be seen that 243° F. should be the 
boiling-point of butyle if Frankland’s determination of that of amyle 
be correct, and Kopp’s law hold with these bodies. 

A careful study of the papers already published on the radicals of 
this series, shows that more than one anomaly appears to exist in 
their physical properties, the gradations usually observed in homo- 
logous groups not being so distinctly marked as with most others, 
and this fact somewhat impedes their identification. The large 
quantity of substance which becomes at our disposal from the source 
mentioned, will, by facilitating the study, throw light on these points. 

I believe I shall be able to isolate at least four of the radicals, viz. 
propyle, butyle, amyle, and caprotyle, from the coal distillate. The 
per-centage composition varying so little with the different homo- 
logues, I rely chiefly on vapour density and products of decomposi- 
tion as the means of proving their presence. 

The hydrocarbons accompanying the radicals are also quite distinct 
from the benzole series, as shown by the low density of the nitro- 
compound. The latter is extremely difficult of reduction by sulphide 
of ammonium or protacetate of iron, but it furnishes a volatile oily 
alkaloid by distillation with an alcoholic solution of potash. 

The tedious purifications and the numerous operations required 
before the substances can be obtained in a state of sufficient purity 
for analysis from the coal distillate, will probably cause a consider- 
able period to elapse before a detailed account of all the bodies can 
be published. 


On Peristaltic Induction of Electric Currents.” By Professor 
William Thomson, F.R.S. 

Recent observations on the propagation of electricity through wires 
in subaqueous and subterranean telegraphic cables have brought to 
light phenomena of induced electric currents, which, while they are 
essentially different from the phenomena of what has hitherto been 
called electro-dynamic induction, are exactly such as might have been 
anticipated from the well-established theory of electrical equilibrium, 
had experiment afforded the data of relation between electrostatical 
and electro-dynamic units wanted for determining what dimensions 
of wire would be required to render these phenomena sensible to 
ordinary observation. They present a very perfect analogy with the 
mutual influences of a number of elastic tubes bound together late- 
rally throughout their lengths, and surrounded and filled with a 
liquid which is forced through one or more of them, while the others 
are left with their ends open (wninsulated), or stopped (insulated), or 
subjected to any other particular conditions. The hydrostatic press- 
ure applied to force the liquid through any of the tubes will cause 
them to swell and to press against the others, which will thus, by 
peristaltic action, compel the liquid contained in them to move, in 
different parts of them, in one direction or the other. A long solid 
cylinder of an incompressible elastic solid*, bored out symmetrically 


* Such as india-rubber very approximately is in reality. 
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in four, six, or more circular passages parallel to its length, will cor- 
respond to an ordinary telegraph cable containing the same number 
of copper wires separated from one another only by gutta-percha: 
and the hydraulic motion will follow rigorously the same laws as the 
electrical conduction, and will be expressed by identical language in 
mathematics, provided the lateral dimensions of the bores are so 
small in comparison with their lengths, or the viscosity of the liquid 
so great, that the motions are not sensibly affected by cnertia, and 
are consequently dependent altogether on hydrostatic pressure and 
fluid friction. The electrical induction now alluded to depends on 
the electrostatic forces determined by Coulomb; but it would be in 
one respect a real, and in all respects an apparent, contradiction of 
terms, to speak of electrostatic induction of electric currents, and I 
therefore venture to introduce the term peristaltic to characterize 
that kind of induction by which currents are excited in elongated 
conductors through the variation of electrostatic potential in the sur- 
rounding matter. On the other hand, as any inductive excitation of 
electric motion might be called electro-dynamic induction, it will be 
convenient to distinguish the kind of electro-dynamic induction first 
discovered by Faraday, by a distinctive name ; and as the term elec- 
tro-magnetic, which has been so applied, appears correctly character- 
istic, I shall call electro-magnetic induction that kind of action by 
which electric currents are excited, or inequalities of electric potential 
sustained, in a conductor of electricity, by variations of magnetic or 
electro-magnetic potential, or by absolute or relative motion of the 
conductor itself across lines of magnetic or electro-magnetic force. 

The most general problem of peristaltic induction is to determine 
the motion of electricity in any number of long conducting wires, 
insulated from one another within an uninsulated tube of conducting 
material, when subjected each to any prescribed electrical action at 
its extremities ; without supposing any other condition regarding the 
sections and relative dispositions of the conductors than—(1), that 
their lateral dimensions and mutual distances are so small in propor- 
tion to their lengths, that the effects of peristaltic induction are para- 
mount over those of electro-magnetic induction; and (2), that the 
section of the entire system of conductors, if not uniform im all parts, 
varies so gradually as to be sensibly uniform through every part of 
the length not a very large multiple of the largest lateral dimension. 
In the present communication I shall only give the general equations 
of motion by which the physical conditions to be satisfied are ex- 
pressed for every case; and I shall confine the investigation of solu- 
tions to certain cases of uniform and symmetrical arrangement, such 
as are commonly used in the submarine telegraph cable. 

At any time ¢, let 4), qo, qs, &e. be the quantities of electricity 
with which the different wires are charged, per unit of length of each, 
at a distance w from one extremity, O, of the conducting system ; 
and let 2, %, v3, &e. be the electrostatical potentials in the same 
parts of those conductors. Let a), a), 7), &e., a), wa, 
a3), &e., wa), 7), (9), &e. be coefficients, such that the electro- 


statical potentials (v,, v., &e,), due to stated charges (44, qq, &e.) 


of the different wires, are expressed by the equations 


ea ee 
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v=o," gta,” gta, G34 tee 
v= a9") gy +B” gy + By” G+ &e. ORFS 
V,= D5") gq) +03" got w” 93+ &e. ( 

&e. &e. 


If the sections of all the conductors are circular, these coefficients 
(a, w,, &e,) may be easily determined numerically to any required 
degree of accuracy, in each particular case, by the method of electro- 
statical images. The electromotive force per unit of length at the 
position 2 will be, in the different wires, 


dv). MPa Oe 
dx’ dx’ da’ 

respectively, and therefore if 71, Ya) 73, &c. denote the strength of 

current at the same position, and 4, 4,, k3, &c. the resistances to 

conduction per unit of length in the different wires respectively, we 


have by the law of Ohm, applied to the action of peristaltic electro- 
motive force, 


dv dv 

kina 3 kyyo=— 2, ksygz=——# . . (2). 
Now unless the strength of current be uniform along any one of the 
wires, the charge of electricity will experience accumulation or dimi- 
nution in any part of it by either more or less electricity flowing in 
on one side than out on the other; and the mathematical expression 
of these circumstances is clearly 


dy, — _ gy __ 42 aq, _ 473 OU BAAS). 
dt dx’ dt dx dt dx 


Using in these equations the values of y,, 7: 73, &e. given by (2), 


and then substituting for v,, v,, v3, &c. their expressions (1), we 
obtain 


dq, _ o{} d(a,"q;) zi d go), dw gs) Se. \ 

dt dx lk, da anda k, dav 

dq, _ d [1 d(@,q) 1 d(w,g.) 1 dws 9s) 4 \ 

a. dz lk,” dz Tk "hte Tk dex aa (4); 
495 a Oe { L Maids) ip: drs Gs) 1 d(as9s) +e. } 

dt dx\k, da ky dat k, dw 


which are the general equations of motion required. 

It is to be observed that 4,, h,, &c., a, a, @), &e. will be 
functions of x if the section of the conducting system is hetero- 
geneous in different positions along it ; but in all cases in which each 
conductor is uniform, and uniformly situated with reference to the 
others along the whole length, these coefficients will be constant, and 
the equations become reduced to 
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dq, A) aq, a," dq, a,” d°q, 


t ky das + ky da> t k, dx? 
at dq, aw,” dq, o,"*) d°qs aff Ke. 


dt k, dz" k, dx k, dx® 
dg, Bi dq, Wi Ogg Ts 9 + Be, 
dt hy dat Ky da? Keg tha? 


The most obvious general method of treatment for integrating 
these equations, is to find elementary solutions by assuming 


+ &e. 


ee Se ey 


Qi=Aw, g,=Au, gs—Ast,..--- g=—Auw . - (6), 
where w satisfies the equation 
CU ten ert 
Fete = Sea teenage NL) (7). 


This will reduce the differential equations (5) to a set of linear equa- 
tions among the coefficients A,, A,,.... A, giving by elimination 
an algebraic equation of the ith degree having 7 real roots, to deter- 
mine x. ‘The particular form of elementary solution of the equation 
(7) to be used may be chosen from among those given by Fourier, 
according to convenience, for satisfying the terminal conditions for 
the different wires. 

In thinking on some applications of the preceding theory, I have 
been led to consider the following general question regarding the 
mutual influence of electrified conductors:—If, of a system of de- 
tached insulated conductors, one only be electrified with a given ab- 
solute charge of electricity, will the potential excited in any one of 
the others be equal to that which the communication of an equal 
absolute charge to this other would excite in the first? I now find 
that a general theorem communicated by myself to the Cambridge 
Mathematical Journal, and published in the Numbers for November 
1842 and February 1843, but, as I afterwards (Jan. 1845) learned, 
first given by Green in his Essay on the Mathematical Theory of 
Electricity and Magnetism (Nottingham, 1828), leads to an affirmative 
answer to this question. 

The general theorem to which I refer is, that if, considering the 
forces due respectively to two different distributions of matter (whether 
real, or such as is imagined in theories of electricity and magnetism), 
we denote by N,, N, their normal components at any point of a closed 
surface, or group of closed surfaces, S, containing all parts of each dis- 
tribution of matter, and by V,, V, the potentials at the same poimt 
due respectively to the two distributions, and if ds be an element of 


the surface S, the value of 4) ff N, V.ds is the same as that of STS 2V\ds 


(each being equal to the integral me if f R,R, sin 0 dw dy dz extended 


over the whole of space external to the surface S, at any point 
(a, y, 2) of which external space the two resultants are denoted by 
R,, R, respectively, and the angle between their directions by 8). 
To apply this with reference to the proposed question, let the first 
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distribution of matter consist of a certain charge, g, communicated to 
one of a group of insulated conductors, and the inductive electrifica- 
tions of the others, not one of which has any absolute charge; let 
the second distribution of matter consist of the electrifications of the 
same group of conductors when an equal quantity ¢ is given to a 
second of them, and all the others are destitute of absolute charges ; 
and let surfaceS be the group of the surfaces of the different conductors. 
Since the potential is constant through each separate conductor, the 


integral wa N,V, ds will be equal to the sum of a set of terms of the 
form [V,][ Lie N,ds], where [V,] denotes the value in any of these 


conductors of the potential of the second distribution, and [ ih N,ds] 


an integral including the whole surface of the same conductor, but 
no part of that of any of the others. Now by a well-known theorem, 


first given by Green, [ Ss oe N,ds| is equal to 47g if g denote the abso- 


lute quantity of matter within the surface of the integral (as is the case 
for the first group of conductors), and vanishes if there be no distri- 
bution of matter, or (as is the case with each of the other conductors) 
if there be equal quantities of positive and negative matter within the 
surface over which the integral is extended. Hence if [V,], denote 
the potential in the first conductor due to the second distribution of 


matter, we have 
af Cf. N,V,.ds=4r[V.].q- 


wh ks N,V,ds=4n[ V, 129. 


Hence, by the general theorem, we conclude [V,],=[V,],, and so 
demonstrate the affirmative answer to the question stated above. 

I think it unnecessary to enter on details suited to the particular 
case of lateral electrostatic influence between neighbouring parts of a 
number of wires insulated from one another under a common con- 
ducting sheath, when uniform or varying electric currents are sent 
through by them; for which a particular demonstration in geometry 
of two dimensions, analogous to the demonstration of Green’s theorem 
to which I have referred as involving the consideration of a triple 
integral for space of three dimensions, may be readily given; but, as 
a particular case of the general theorem I have now demonstrated, it 
is obviously true that the potential in one wire due toa certain quan- 
tity of electricity per unit of length in the neighbouring parts of an- 
other under the same sheath, is equal to the potential in this other, 
due to an equal electrification of the first. 

Hence the following relations must necessarily subsist among the 
coefficients of mutual peristaltic induction in the general equations 
given above, f 


Similarly, we have 


or) =a, (0) : 3) = gy, (1) ; oy) = o,(?) 3; &e. 


On the Solution of the Equations of Peristaltie Induction in symme- 
trical systems of Submarine Telegraph Wires. 

The general method which has just been indicated for resolving 

the equations of electrical motiow in any number of linear conductors 
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subject to mutual peristaltic influence, fails when these conductors 
are symmetrically arranged within a symmetrical conducting sheath 
(and therefore actually in the case of any ordinary multiple wire tele- 
graph cable), from the determinantal equation having sets of equal 
roots. Regular analytical methods are well known by which the solu- 
tions for such particular cases may be derived from the failing general 
solutions ; but it is nevertheless interesting to investigate each par- 
ticular case specially, so as to obtain its proper solution by a synthe- 
tical process, the simplest possible for the one case considered alone. 
In the present communication, the problem of peristaltic induction 
is thus treated for some of the most common cases of actual sub- 
marine telegraph cables, in which two or more wires of equal dimen- 
sions are insulated in symmetrical positions within a cylindrical con- 
ducting sheath of circular section. 


Case I.—Two-wire Cable. 


In the general equations (according to the notation of the first part 
of this communication) we have 4,=/,; 2=@,@); anda,YV=w,2: 
and it will be convenient now to denote the values of the members of 


these three equations by 4, dh and f respectively ; that is, to express 
c c 


by & the galvanic resistance in each wire per unit of length, by ¢ the 
electrostatical capacity of each per unit of length when the other is 
prevented from acquiring an absolute charge, and by / the propor- 
tion in which this exceeds the electrostatical capacity of each when 
the other has a charge equal to its own; or in other words, to assume 
ec and / so that 

Ji 


1 
n= das aoe 
S x i BAM eoetey we E 


1 
V2 =Lo4tg, 


if v, and v, be the potentials in the two wires in any part of the 
cable where they are charged with quantities of electricity respectively 
q, and q, per unit of length. ‘The equations of electrical conduction 
along the two wires then become 
dv, 1 ( dv, BVz 
dt — ke \ dx? dx® 
dv, 


dv, 1 <2) 
oe a rat dx? os dx 
From these we have, by addition and subtraction, 
a9 _14f@S ag w_1afdu gy 
dt ke. dx? dt ke da? 
where 3 and w are such that 
VySSAW, Vg I—H Woe ie Fenn) ey lyen, (4). 
' If both wires reached to an infinite distance in each direction, the 


Ber ear artas () 


Prof. Thomson on Peristaltie Induction of Electric Currents. 141 


conditions to be satisfied in integrating the equations of motion would 
be simply that the initial distribution of electricity along each must 
be whatever is prescribed ; that is, that 


v,=9,(2), Sur Spode ah tab BRIA 3 .2Koys 
when ¢=0 


¢, and ¢, denoting two arbitrary functions. Hence, according to 
Fourier, we have, for the integrals of the equations (3), 


qubai opiarkpit to sag eA bie ea ae 
i a +fyr° B55 1 (E) + Polk) sé 
ke(E—2)? (6), 


w= n/a rt (° liagw—¢@}e ON & 
4(1—f)r carer table 
and the solution of the problem is expressed in terms of these inte- 
grals by (4). 

If now we suppose the cable to have one end at a finite distance 
from the part considered, for instance at the point O from which 2 is 
reckoned, and if at this end each wire is subjected to electric action 
so as to make its potential vary arbitrarily with the time, there will 
be the additional condition 


%,=Y,(¢), a An $8989 lnaisnine (7); 


when 2z=0 


is to be fulfilled. In the other conditions, (5), only positive values of 
x have now to be considered, but they must be fulfilled in such a way 
as not to interfere with the prescribed values of the potentials at the 
ends of the wires; which may be done according to the principle of 
images, by still supposing the wires to extend indefinitely in both 
directions, and in the beginning to be symmetrically electrified with 
contrary electricities on the two sides of O. To express the new 
condition (7), a form of integral, investigated in a communication to 
the Royal Society (‘ Proceedings,’ May 10, 1855, p. 385), may be 
used; and we thus have for the integrals of equations (3), 


ke(é—ax)2 ke(é+ 2)? 7 


ke Be pg — Taft, 404 fit 
=4/ mapa! i, sii@+e@ He Oe ease rd 


Lg, 6) +4} HH] 
+f (8) 2 (t—6)2 a 


ke(é—ax)? ke(E+a)? 


= ke 3(F2 aS —420=f)t — - 40— ¢ 
w= /o |! { 51 9i() Ps ye ae pr— eg 4a} de 


ie ao 9 
+e Ly, +4 }e He ol | 


Lastly, instead of the cable extending indefinitely on one side of 
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the end O, let it be actually limited at a point E, If the ends of the 
two wires at E be subjected to electric action, so as to make each 
vary arbitrarily with the time, the new conditions to be satisfied, in 
addition to the others, (5) and (7), will be 


PaeAROGES tay &al8s} Pity Chu follietaa 
when ama 


if x, and x, denote two arbitrary functions, and a the length OE. 
Or, on the other hand, if they be connected together, so that a cur- 
rent may go from O to E along one and return along the other, the 
new conditions will be 


nein: mee ten 


when “=a 


(9)'. 


Either of these requirements may be fulfilled in an obvious way 
by the method of successive images, and we so obtain the following 
respective solutions :— 


ke ey (eal 
9=\/ a! { 5 {e@) +9) }Fnl dak 


* dd Tl 1 
+f Gat ¥ (i(0) +V() 3HRin(@ #8) +540) + xa) }R(a—z, 1-0) | | k 


Pas ke en (eal 
v= Jaa! if 519i) —92(8) Fn, t)dg 
t dd 1 it! 
+ { sappll a hO WOK le gla id-n(a—at—0) | | 


wi 


ke Sell (yell : 
9= J sepa Ot ein dee 
[OHM En Gp 


1) ke ey ae 
oa a/ pal HO-e.Ol ne Oat 


ri si dd 
+f 51:8) —¥.(8) } na, 0) yh | 


-where F, df, E, € denote for brevity the following functions :— 
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imme, jkeletrio~g? __hele-+2ia+ 6 
Tn i)== fe 40l+f)é —¢ 40+f)é } 
i 


=—-o@ 


| 


i=o ke(a+2ia)? me 
Fy (x, t—0)= x (a+ 2ia)e 40 +P)(t-8) = CAO R(t 1-8) +E hen 
Sr oN ll . 
o ; ke(a+2ia—é)2 ke(a+2ia+é)? ) 
on j=2 (—1)'{e— 404+f)t —¢ 4(1+/f)t } 


: _ ke(a+2ia)? Ls 
in, #8) =2 (—1)'(@+ 2ia)s 4040-9 = CEE Ee t—0)+E}exo 


Each of the functions F and E is clearly the difference between 
two periodical functions of (E—w) and (+2); and each of the func- 
tions gf and € is a periodical function of z simply. The expressions 
for these four functions, obtained by the ordinary formule for the 
expression of periodical functions in trigonometrical series, are :— 


2 A(1+f)mt i=o PMO! | ine . ink 7 

F == Se eee 2h; sin —_ sin-_2 
«ry(; 2) z\/ he a qe Bin eb - | 
| 


it SO EE Big ate ine 
(f(a, t =| is w@ke sin 


: (12). 
2 PALF Sf)rte Ci Nt | (Qi 1)ee , (21-1) ak 
cn: t)= =\/ ieee = 4a2ke sin sin a iam 
a at ae 2) — er... (25-1) 
Ecpy(a, t )=s5] ia ra ) Sn oe 


Either (11) or (12) may be used to obtain explicit expressions for 
the solutions (10) and (10)!, in convergent series; but of the series 
so obtained, (11) converge very rapidly and (12) very slowly when ¢ 
is small; and, on the contrary, (11) very slowly and (12) very rapidly 
when ¢ is large. It is satisfactory, that, as ¢ increases, the first set of 
series (11) do not cease to be, before the second set (12) become, con- 
vergent enough to be extremely convenient for practical computation. 

The solutions obtained by using (12), in (10) and (10)’, are the 
same as would have been found by applying Fourier’s ordinary pro- 
cess to derive from the elementary integral e~” sin na the effects of 
the initial arbitrary electrification of the wires, and employing a 
method given by Professor Stokes* to express the effects of the va- 
riations arbitrarily applied at the free ends of the wires. 


Case II.—Three-wire Cable. 


The equations of mutual influence between the wires may be clearly 
put under the forms 


Cy =QtSG2+4s), r= GtS(Gs+un), CUs=93tS(Gi +92) 5 


* See Cambridge Phil. Trans. vol, vill. p. 533, “ On the Critical Values 
of the sums of Periodic Series,” 
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and the equations of electrical motion along them arethen as follows:— 


dq, aq, ch) dg, _ dQ. (G8 Sa): 
kon =e dat) *° fat = dat tT\ ae, + ae? 
dgs_ 89s, ¢ (EH a) 
ig dt atte tae) 


If we assume 
=H tq 9s, i= 291 —-Ga—- Ya) M2= 292-8 I> W3=293—G— Ja 
which give 
l 
a= roti I= sett Is ia Sd 


and require Wag w,-+w,-+w,=0, we find by ms and subtraction, 
among the equations ot a 


do 
k —_ = ——S 
cf ate dx? 
and 


nea fe 


where for w may be substituted either w,, aie OF Ws. 


. Case III.—Four-wire Cable. 
The equations of mutual influence being 


Uh SPACE ali qs) + 94%) 
and other four symmetrical with this; and the equations of motion, 
dq, _ FH, (Ed, CG d°q. 
kc E 2 4 abi 
har ett Ge Ga) +9 ie 
&e. &e. &e., 
we may assume 
AFE+>ABTHU=AG A-G=Hv 
wey 4 U-Bt+GB-h=S 2—-U=%; 
which give 


A= Flo+ 3-420) ; Z= 7 (o—S+ 2w,) ; 


a> 4 1 (+ 8—2u,) A ch j(@-9— 20) A 
and we find from the iia ty of conduction, 


he = (1 42f+9)9% 5 ke? =(1—9F+9) a ay) 


Case IV.—Cable of six wires symmetrically arranged. 
Equations of mutual influence, 
C= tS G+) FIGs + Is) +494 
&e. &e. &e. 
Equations of conduction, 


dq, @& dq, @ dq, . d°q, ad 
keh — ot (G+ Gay 7) (Z qs i) qs. 
oe FI Get + age Jt ae 
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Then assuming 
LFG+Gt+Utst 65 
htt —-h=9 
3(M +G)—F=4,5 31495) -F=4,; 3(Q,+G)—T=4, ; 
3(%—G)-S=eis 3(%3—-Ge)—-S=p23  3(9s—G2) —S= ps; 
which require that 
w, +w,+w,=0, and p,+p,+p,=0; 
we sale 


eof +4F+g +0 £ 


mn ke P= [1— 


aoe 


ho =[1—(F 49) +E; & 


These equations, integrated by the is process to fulfil < pre- 
scribed conditions, determine o, 3, w,, w,, 5, Py, Po, P3; and we then 
haye, for the solution of the problem, 


1 1 1 
H=Z(rtS+o+p); — Zetdt ws tps); = GOH S + ws +s); 
1 1 
= Z(C-S+o—P)s W=Z(C—It oP.) i B= H(7-I+4—p,). 


** Experimental Researches on the Functions of the Mucous Mem- 
brane of the Gall-bladder, principally with reference to the Conver- 
sion of Hepatic into Cystic Bile.” By George Kemp, M.D. Cantab. 

The author deduces from his experiments the following generali- 
zations :— 

Ist, That the mucus of the gall-bladder is not merely a secretion 
destined to lubricate the interior of that organ and protect it from 
the irritation of its other contents, but is an essential integral portion 
of the cystic bile. 

2udly, That the gall-bladder is not merely a receptacle and reser- 
voir for the bile, but an organ highly endowed with organic func- 
tions ; and that the proper secretion of the liver is converted into 
cystic bile mainly through the agency of its mucous membrane. 


GEOLOGICAL SOCIETY. 
{Continued from p. 78.] 
December 3, 1856.—Col. Portlock, R.E., President, in the Chair. 
The following communications were read :— 
1. “On the Volcanic Eruption of Mauna Loa in 1855-56.”" By 
F. A. Weld, Esq. Communicated by Sir C. Lyell, V.P.G.S. 
; In a letter dated July 12, 1856, he communicated the information 
he had obtained respecting the late Eruption in Hawaii, and gave a 
detailed account of his ascent of Kilauea and Mauna Loa, with 
observations on the craters and on the condition of the lava-stream 
which had lately been ejected from a lateral opening on the latter 
mountain. Mr. Weld remarked also that a slight shock of earth- 
quake had been felt on the Island of Maui, which is also of volcanic 
formation. 


Phil. Mag. 8. 4. Vol. 18. No, 84. Feb. 1856. L 
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2. On Volcanic Eruptions in Hawaii during the last sixteen 
years.” By the Rev. T. Coan. From the Foreign Office. 

In this letter, addressed to and transmitted by Mr. Consul-General 
Miller, the Rev. Mr. Coan, who has been the resident Protestant 
Missionary at Hilo for twenty-one years, and still resides there, 
described some remarkable volcanic eruptions on the Island of 
Hawaii (Owhyhee) of which he has been an eye-witness during 
the last sixteen years: viz. the great eruption of Kilauea in 1840, of 
Mauna Loa in 1843 and in 1852, of Kilauea in May and June 1855, 
and lastly of Mauna Loa in August 1855. Mr. Coan added an 
account of his visit to the summit crater of Mauna Loa in October 
1855; and referred to his several subsequent visits to the lava-stream 
which has threatened Hilo. 


3. “ On the late Volcanic Eruption of Mauna Loa.” By Mr. 
Consul-General Miller. From the Foreign Office. 

In this letter, dated July 30, 1856, Mr. Miller referred to the 
eruption as being still in a state of activity, and enclosed a Number 
of the ‘ Pacific Commercial Advertiser’ in which Mr. Coan’s visit 
to the crater in October 1855 was reported in full; and in which it 
was stated that nearly an entire year had passed since the eruption 
commenced in August 1855, and the flow, though diminished, was 
still intense. Late advices state that the fresh or molten lava is not 
met with until about three miles above the lowest point it reached 
in November last, or about eight miles from Hilo, The lava now 
appears to be spreading more laterally, bursting out through the 
old crust and flowing off to the right and left. At present there 
is no danger, nor will there be any unless the discharge should 
be materially increased. 


4. “On the occurrence of an Earthquake at Rhodes.” By Mr. 
Consul Campbell. From the Foreign Office. 

This communication referred to the severe shock of earthquake 
which was felt at the Island of Rhodes on the 12th October at about 
3 o’clock a.m. It lasted for nearly two minutes, and was accompanied 
with great destruction of life and property. Its first motion was 
vertical, the second horizontal, and the third vertical. The shock 
was felt also in the adjacent islands of Halki, Scarpantos, Cassos, 
and Symi; also at Marmarizza on the coast opposite. 


5. ‘Additional Observations on the Geology of Bulgaria.” By 
Captain Spratt, F.G.S. Having again visited the Bulgarian coast, 
Captain Spratt has been enabled to confirm the observations on the 
freshwater deposits of the Dobrudja, which were read before the 
Society in June last. 


December 17, 1856.—Col. Portlock, President, in the Chair. 


The following communications were read :— 

1. “‘On some Freshwater Deposits in Eubcea and Salonika.” 
By Captain T. Spratt, F.G.S. 

In former communications to the Society the author had described 
a series of lacustrine limestone and marls, containing lignite, and 
overlaid by reddish unfossiliferous loams and gravels, as occurring 
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' in the valleys and on the hill-sides in Southern Eubcea, Beeotia, 
Samos, near Smyrna, and elsewhere in the Grecian Archipelago. 

In the present paper Captain Spratt described the occurrence 
of similar deposits on the northern part of Eubcea, on the Locrian 
coast, and around the Bay of Salonika. In connexion with the 
similar strata in other localities, in and around the A‘gean, for- 
merly described, these apparently lacustrine deposits indicate the 
existence of a great expanse of fresh water over the Levantine area 
during some tertiary period, probably continuing, according to 
Captain Spratt, from the eocene to the pliocene epoch. 


2. “‘Onthe Analysis of Waters from the Turko-Persian Frontier.” 
By Dr. T. Richardson and E. J. J. Browell, Esq. Communicated 
by W. K. Loftus, Esq., F.G.S. 

This was a report on six samples of water from the Lake of Van, 
the small Lake of Ardchek situated to the east of the former, and 
their vicinity, not far south-west of Ararat. They were brought home 
by Mr. Kennet Loftus. Of these, four specimens (two from the 
Lake of Van and two from Ardchek) belong to a very limited class 
of waters, such as are found in Hungary and Egypt, and which are 
more or less rich in carbonate of soda. A water from an acidulated 
saline spring two miles south of Bitlis contained but traces of the 
ordinary saline matter and a large proportion of lime and magnesia. 
Hence it was inferred that probably this water originally came off a 
dolomite, and subsequently passing through beds of gypsum, thereby 
suffered a change in its constituents by a recombination among the 
acids and bases. 


3. ‘‘ Notice of an ice-carried Boulder at Borgholm.” By John 
Wolley, Esq. Communicated by Sir C. Lyell, V.P.G.S. 

This boulder was about 10 feet in length, 7 feet broad, and 6 
feet deep, and had been carried by coast-ice from an islet about 
half a mile distant, under the influence of a storm from the north, 
which, by locally raising the level of -the water, caused the ground- 
ice to float with its entangled boulders and to convey them to a 
distance. 


4. “ Additional notice of the occurrence of Volcanic Bombs in 
Australasia.” By the Rev. W. B. Clarke, F.G.S. 

The author sent a notice last year of the occurrence of volcanic 
bombs in the gold-bearing alluvium of New South Wales; and in 
this communication adds Victoria and Tasmania as countries in which 
these obsidian bombs have been observed in the alluvial drift. 


5. “ Notice of the occurrence of Metalliferous Ores in Siam.” By 
Messrs. H. J. Moyle andC. B. Hillier. From the Foreign Office. 

This was a memorandum by Mr. Moyle (in a letter from Mr. 
Consul Hillier) on the occurrence of copper-veins in greuwacke, 
and of ores of lead and silver, with magnetic and specular iron-ore, 
in the hilly districts near the River Chaw-Phya (Meinam) in Siam. 
A small box of ores, chiefly cupriferous, with a specimen of corun- 
dum, accompanied this communication. 

L 
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XXII. Intelligence and Miscellaneous Articles. 


ON THE “ANTRIMOLITE” OF THOMSON. BY DR. HEDDLE. 
HE “‘ Antrimolite”’ of Thomson, in which that chemist found 4°10 
per cent. of potash, I make mesolite, finding soda instead of potash. 
Of the specimens analysed, the second was procured from Mr. 
Doran, who supplied Dr. Thomson; for the third I am indebted to 
the kindness of Mr. Rose ;—these facts are mentioned that there 
may be no doubt of its being Antrimolite that was examined. 


25 grains of each. 


Te II. III. 
Silieaay), aor. 47:072 45°98 46°13 
Alumina... .. 26°228 26°18 26°48 
Tames p44. wd gt 95885 10°785 not det. 
SOs i424. sa/d5 -. 4°886 4°542 not det.* 
Water, cvweteteee 1937 13:00 14°20 


100-308 100°487 
This is evidently mesolite (see Philosophical Magazine for January) ; 
Dr. Thomson’s analysis, however (after substituting soda for potash), 
seems to point rather to Faréelite. The third specimen was somewhat 
contaminated by carbonate of lime, cale-spar being the basement}. 


ON THE MAGNETISM AND ELECTRICAL CONDUCTIBILITY OF 
POTASSIUM AND SODIUM. BY M. LAMY. 

It has often been attempted to discover a relation between the 
atomic weights and volumes of bodies and some of their physical 
properties, such as their density, crystalline form, boiling-points, 
specific magnetism, &c. With regard to the latter property, it is 
generally admitted that the most magnetic metals are those which 
have the smallest atomic volume, and vice versd. 

The author has drawn up a table of the principal metals with their 
densities, chemical equivalents, and atomic volumes. From this it 
appears that there are numerous exceptions to the supposed law, and 
that sodium, and especially potassium, ought to be much more dia- 
magnetic than bismuth itself. 

According to Faraday, sodium and potassium are diamagnetic. 
The author’s experiments show that these metals are feebly magnetic. 
Taking every precaution that the masses experimented on should be 
free from iron, he always found that at the moment of closing 
the circuit of Ruhmkorff’s electro-magnet there was a considerable 
repulsion, due to the production of induced currents in the mass 
affected, followed by a manifest and permanent attraction when the 
electro-magnet had attained its state of magnetic equilibrium. The 
attraction took place with a globule of potassium extracted directly 
by the pile, without the intervention of mercury, from a potash which 

* Potash traces, and some CO?. 

+ Errata in last paper. There was a misplacement of figures in the 
Table at p.55. The formule for Fargite and Faréelite should be— 

Fargite (2Na0, CaO), 3Si0?+3(ALP 0%, SiO*)+7HO. 
Faréelite (NaO, 2CaO), 2Si0* + 3(Al? 08, SiO*)+8HO. 
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was strongly diamagnetic. Under the same circumstances, similar 
globules of pure copper and silverwere repelled by the electro-magnet. 

Thus potassium and sodium appear to be feebly magnetic. If 
they were feebly diamagnetic, as Faraday supposes, the relation 
between the atomic volumes and the specific magnetism would not 
be confirmed in their case. 


Movement of rotation due to magnetic induction in the metals,—sodium, 
potassium, copper, silver, gold, &c. 

At the moment when magnetization commences or ceases, the 
action of the electro-magnet upon sodium and potassium causes 
energetic movements of repulsion and attraction, due to the produc- 
tion of induced currents in the mass. A more curious phenomenon, 
which must also be attributed to magnetic induction, is the rotation 
which may be given to a mass of these metals by successive interrup- 
tions of the circuit of the electro-magnet. 

If a globule or cube of sodium, copper, silver, &c. be placed in 
any part of the magnetic field, except in the vertical plane which 
divides the polar surfaces into two equal parts, there is always a 
rotation when the commutator is manceuvred from right to left, and 
vice versd, so as to close and interrupt the circuit or change its 
direction. The rotation is not continuous; it is intermittent like 
the ruptures which produce it. Its direction is always from left to 
right when the mass is towards the operator whose right-hand moves 
the commutator, and from right to left when it is behind the median 
vertical plane of the magnet. A succession of ruptures and closures 
of the circuit, without the reversal of the current, also causes rota- 
tion, but less energetically than when the current is interrupted and 
reversed at the same time. 

By these successive magnetizations and demagnetizations, the 
large copper tube of Ruhmkorff’s apparatus may be made to turn for 
several minutes, so as to give the suspending thread so much torsion 
that when all electrical movement ceases, the mass rotates rapidly 
in the opposite direction. 

Electric conductibility of sodium and potassium. 

The author has endeavoured to measure the conductibility of 
sodium and potassium. These metals were either cast into thin 
sticks in glass tubes of 1 to 2 millims., or made into wires. The 
method of observation followed by him was nearly the same as that 
described by Pouillet and Becquerel in their researches into the 
electrical conductibility of metals. His apparatus allowed a resist- 
ance of | millim. in a silver wire of 0°237 in diameter to be easily 
appreciated. From the numbers obtained, sodium would be placed 
after the best conductors,—silver, copper and gold, and before tin, 
zinc andiron. Potassium, which is a worse conductor than sodium, 
still comes before iron. These metals are equally good conductors 
of heat.—Comptes Rendus, October 6, 1856, p. 693. 


ON THE MOVEMENTS OF THE FLOATING CRYSTALS OF SOME 
ORGANIC ACIDS. BY A. SCHEFCZIK. 
Crystals of succinic acid and of benzoic acid prepared in the dry 
way, when thrown upon the surface of clean water, exhibit pe- 
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culiar movements. In benzoic acid the principal character of the 
movement is a rotation round a point sometimes lying within, and 
sometimes without the crystals. In succinic acid this rotation 
alternates with straight movements taking place by jerks, like the 
course of the water-spiders on sunny days in summer. 

The power with which many bodies sprinkled upon the water 
(such as semen Lycopodii) are carried along by the moving crystals, 
is very remarkable, and still more so the circumstance that all motion 
ceases almost instantly, when one finger of the bare hand is immersed 
in the water. 

If a portion of the water in which the crystals have been brought 
to a standstill be poured away, their motion commences with re- 
newed force, and lasts, if no further disturbance occurs, until the 
crystals are dissolved. That this movement is a consequence of 
solution by the water, and produced directly by the one-sided attack 
of the solvent upon the crystals, may be concluded a priori; but 
that the behaviour of these crystals should be so modified by touching 
the water, that as the solution continues the movement of the cry- 
stals ceases, deserves a closer consideration. 

The behaviour of citric acid enables us to get a better insight into 
this phenomenon. The movements of these crystals (which are 
split into the finest possible plates, in order that they may float upon 
the water) leave behind them upon the surface of the water, visible 
traces of dissolved citric acid. After touching the water, the move- 
ment of the crystal ceases, but its solution continues, but with this 
difference, that the visible trace of the solution no longer floats upon 
the surface, but sinks perpendicularly to the bottom. The cause of 
the cessation of movement must be sought for in some body, which 
has diffused itself over the surface of the water after contact. This 
body was ascertained to be an extremely thin stratum of a fatty 
substance, which had separated from the finger in touching the water 
and rapidly diffused over the surface. 

The diffusion of this substance on the surface of the water goes 
so far, that a glass or metal rod touched by the naked hand, when 
immersed in the water either immediately brings the crystals in full 
motion to a standstill, or so far diminishes their movement, that it 
can only be compared to the nervous convulsions of a dying animal. 

This property of extremely fine diffusion upon the surface of 
water, appears only to be possessed by the fatty oils and their 
soaps; for light wood-tar oil, for example, even when thrown upon 
the water in drops, did not stop the movements of the crystals. 

For the elucidation of these phenomena, the floating lines of the 
dissolved citric acid furnish a visible explanation ; notwithstanding 
their greater specific gravity, they swim upon the surface of the 
water. But if this surface be covered by another body, which by its 
greater attraction occupies the surface as such, the solution passes 
over into the lower mass of water, and being specifically heavier, 
falls to the bottom. In the first case the surface alone was the 
solvent. The displacement of the dissolved portion by the constant 
closing in of the solvent, caused the movement of the floating cry- 
stals. 

In the second case the surface of the water was occupied by the 
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covering of a body attracting it, and the admission of the new solvent 
took place from beneath, so that all movement of the crystals was 
annulled. 

On the other hand, the crystallized salts soluble in water, such as 
bichromate of potash, sulphate of iron or copper, muriate of ammonia, 
and sulphate of alumina and potash, may be caused to make similar 
movements upon water, when their crystals, split into lamine, are 
laid, slightly coated with fat, upon the surface of water.—Jahrb. 
der K. K. geolog. Reichsanstalt, No. 2, 1856. 


METEOROLOGICAL OBSERVATIONS FOR DEC. 1856. 


[The insertion of carefully prepared Meteorological Reports in the principal 
daily Papers has rendered our Table and Observations, which from the nature of 
our publication cannot appear within less than a month after date, of so little 
value, that the Editors have determined to discontinue them. In doing so they 
beg to return their thanks to those gentlemen who for so many years have kindly 
contributed the information.] 


Chiswick.—December 1. Severe frost: fine, but cold. 2. Clear and frosty. 3. 
Rain. 4. Frosty and foggy: rain. 5. Foggy and drizzly: rain at night. 6. 
Densely clouded: rain. 7. Boisterous: cloudy: fine. 8. Densely overcast : 
cloudy: rain. 9. Fine: cloudy: rain at night. 10. Rain: densely clouded. 11. 
Partially overcast : fine: rain at night. 12. Clear: very fine in forenoon: cloudy 
at night: heavy rain. 13. Rain: cloudy and fine. 14. Slight rain: cloudy and 
fine. 15. Clear and fine: frosty at night. 16. Sharp frost: clear: foggy. 17. 
Frosty and foggy: cloudy at night. 18. Hazy: drizzly: slight rain. 19. Clear 
and fine throughout: slight frost at night. 20. Frosty: hazy: cloudy. 21. Over- 
cast, 22. Cloudy. 23. Partially overcast: clear: cloudy. 24. Rain: clear and 
very fine: frosty at night. 25. Foggy: sharp frost. 26. Cloudy: frosty. 27. 
Clear and frosty : severe frost at night. 28. Frosty: clear: sharpfrost. 29. Clear 
and frosty: overcast. 30. Hazy. 31. Cloudy. 


Mean temperature of the month ........... aaesinaeiccpeessenseadts 39°03 
Mean temperature of Dec. 1855 ............200000- Sines ASceceod 33 -99 
Mean temperature of Dec. for the last thirty years ............ 39 +48 
Average amount Of rain In Dec; ~ sc. .ceccc.scoctcvecssecsccetecwes 1-479 iuch. 


Boston.—Dec. 1. Fine. 2. Fine: snow p.m. 3, 4. Fine. 5. Cloudy: rain 
AM. 6. Fine: rain p.m. 7. Cloudy: rain a.m. and p.m. 8, 9. Cloudy. 10. 
Cloudy: rain a.m. 11. Cloudy: rainp.m. 12,13. Fine: rain p.m. 14-16. Fine. 
17. Cloudy. 18. Cloudy: raina.m. 19. Fine. 20.Cloudy. 21. Cloudy: rain p.m. 
22—26. Fine. 27. Fine: snowp.m. 28. Fine. 29. Fine: rain p.m. 30. Cloudy. 
31. Fine. 


Sandwick Manse, Orkney.—Dec. 1. Bright a.M.: clear P.M. 2. Snow-showers 
A.M.: Clear p.m. 3. Cloudy a.m.: showers, thaw p.m. 4. Snow-showers A.M.: 
rain P.M. 5. Drops A.M.:rainp.M. 6. Showers a.m. and p.m. 7. Cloudy a.m.: 
showers p.m. 8. Cloudya.m.: clear, finep.m. 9. Cloudy a.M.:rainp.m. 10. Damp 
A.M.: showers P.M. 11, Cloudy a.m. and e.m. 12. Cloudy a.m.: fine, showers 
p.M. 13. Cloudy a.m.: fine, clear p.m. 14. Showers a.m.: cloudy p.m. 15. 
Cloudy a.m. and p.m. 16. Cloudy a.m.: showers p.m. 17. Cloudy a.m.: damp 
p.M. 18. Showers a.m.: clear p.M. 19. Drizzle a.m.: cloudy p.m. 20. Drizzle 
A.M. and p.m. 21. Drizzle a.m.: rain p.m. 22. Hail-showers a.m. and p.. 
23. Snow a.m. and p.m. 24. Thaw a.m.: cloudy, sleet p.m. 25. Frost, bright 
A.M.: snow-showers p.M. 26. Frost, bright a.m.: snow-showers p.M. 27, 28. 
Hail-showers a.m. and p.m. 29. Bright a.m.: drops p.m. 30. Showers a.m.: 
drizzle p.m. 31. Drizzle a.m.: rain p.m. 


Mean temperature of Dec. for previous twenty-nine years ... 40°-97 
Mean temperature of this month ......... Seattatdssveg Worcs oFeess 39 +38 
Mean temperature Of Dec, 1855. ......ccccscsccsccoicccssececcees 39 “41 


Average quantity of rain in Dec. for sixteen previous years... 4°23 inches. 
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XXIII. On the Diffraction Spectrum.— Remarks on M. Kisenlohr’s 
recent Experiments. By Joun W. Drarver, M.D., Professor 
of Chemistry and Physiology in the University of New York. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 

ILL you permit me to direct the attention of your readers 

who may have been interested in the beautiful experi- 

ments published by M. Hisenlohr in Poggendorff’s Annalen for 
June and August 1856, to some researches on the same subject 
which I made about fourteen years ago, and which were pub- 
lished in 1844 in a work “On the Forces which produce the 
Organization of Plants.” It is a matter of regret to me that 
M. Eisenlohr does not appear to have been aware of those results, 
or doubtless he would have perceived that some of the facts which 
he supposes to be new have been known in America for many 

ears. 

As the work to which I have referred is now out of print, you 
will perhaps indulge me with space enough to give a short abs- 
tract of those portions of it bearing on the diffraction or inter- 
ference spectrum. 

I obtained, at first, that spectrum very much in the same man- 
ner that M. Hisenlohr has done, by passing a beam of light 
directed through a vertical slit by a heliostat through a piece 
of ruled glass at 12 feet distance, and then received it on an 
achromatic lens of about 4 feet focus, which gave a sharply- 
defined spectrum on a ground glass or photographic surface. 
Subsequently I found that it was much better to silver the ruled 
surface with tin amalgam, in the manner of a looking-glass, and 
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thus employ a reflected spectrum. It is far more brilliant 
than the transmitted one, and the silvering acts so perfectly that 
the most minute fixed lines may be seen. 

In the work above referred to, the results were illustrated by 
steel engravings, one of them coloured, with a view of comparing 
the prismatic and interference spectrum, and of showing the 
photographic action on iodide, chloride, and bromide of silver. 
These results are substantially the same as those of M. Hisen- 
lohr. They give the wave-lengths at which action begins and 
ceases on each of those substances. Some of the details may 
be found in a former Number of this Journal (June 1845), 
and in that article it is particularly recommended to use wave- 
lengths for designating rays, instead of titles of colour, as red, 
yellow, &c. 

The chemical action of the diffraction spectrum is, however, 
only given in part in M. Eisenlohr’s publication. He speaks 
of what occurs in the more refrangible regions, and takes no 
notice of the action of the centre of the spectrum, and in its less 
refrangible space. 

I will state in detail what I here mean, It is well known that 
in such a spectrum the yellow occupies the middle space, and 
that the light grades off in one direction to the red and in the 
other to the violet, which terminate at equal distances from the 
yellow, so that the wave-lengths for the extreme violet, the centre 
of the yellow, and the extreme red, are as 1, 14, 2. 

Now from the extreme violet to the yellow the spectrum 
blackens silver preparations, and this is what is commonly un- 
derstood by its chemical action by those who have written on 
photographie subjects. But from the yellow to the extreme red 
the spectrum is also active, though in a different way. This half 
is in antagonism to the other half. It can suspend or arrest. the 
blackening which would be caused by contemporaneously-acting 
diffused light ; nay, even more, it can undo what such light may 
have done some time before. Some remarks on this topic may 
be seen in the Philosophical Magazine, February 1847. 

The centre of the yellow space is therefore the point of a 
change in photographic action, From the commencement of the 
red to that point the action is negative; from that point to the 
violet extreme it is positive. The phase of action changes in the 
centre of the yellow. 

M, Eisenlohr has made an allusion to the heating power of 
the spectrum, and to that point my attention has also been 
directed. This is the result to which | eventually arrived,—that 
the centre of the yellow is the hottest space, and that the heat 
declines equally to the two ends of the spectrum. I attempted 
to form a diffraction spectrum without the use of any dioptric 
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media, endeavouring to get rid of all the disturbances which 
arise by the absorptive action of glasses, by using as the grating 
a polished surface of steel, on which parallel lines were drawn 
with a diamond, and employing a concave mirror instead of an 
achromatic lens; and although my results were imperfect and 
incomplete, I saw enough to convince me that this is the right 
course to be taken in investigating the problem. It is absolutely 
necessary to employ a spectrum which has been formed by 
reflexion alone. 

I will also add, that, in the experiments here referred to, a 
method was resorted to for determining the temperatures of nar- 
row spaces, which may be recommended to those who are disposed 
to resume these inquiries. It is to employ a blackened platinum 
wire $ of an inch long and J;th of an inch in diameter, one end 
of which is fastened to the end of a bar of bismuth, the other 
end to the end of a bar of antimony, each of these bars being 
2 of an inch square on the end, and 4 inches long, their distant 
extremities communicating with a galvanometer. By carrying 
the platinum wire transversely along the spectrum, I expected not 
only to determine the distribution of heat, but also to ascertain 
whether the heat-spectrum has fixed lines like the luminous and 
chemical ones. 

This was at a time when I first began to suspect that the 
essential difference between light and heat is this: viz. that 
whilst the vibrations for light are transverse, those for heat are 
normal, and its waves in that respect analogous to the waves of 
sound ; but so feeble is the intensity of these spectra, that I 
could do no more than satisfy myself that in the diffraction 
spectrum the centre of the yellow is really the hottest space, as 
well as the most luminous. I believe that there is a cold line in 
the spectrum answering in position to the dark line H, but I 
could not absolutely demonstrate it. 

Nevertheless so certain does it appear that the distribution of 
heat corresponds to the distribution of light, that I have not 
hesitated since that time to look upon the centre of the yellow 
space as the point of maximum heat, from which there is a 
decline to each end of the spectrum. And I accordingly made 
this the basis of the theory of vision in my ‘Treatise on Human 
Physiology,’ published last year. Those who are interested in 
these subjects will find in that work a discussion of the whole 

uestion, Signed upon the phenomenaof the diffraction spectrum. 

n the English edition, published by 8. Low and Son, London, 

it is on pages 886-399. Such a view has the advantage of being 

sustained by many facts of comparative anatomy. It obliges us, 

it is true, to return to the opinions entertained of the functions 

of the black pigment more than a century ago; but then it gives 
M2 
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a very elegant explanation of the uses of the different parts of 
the retina, examined in its radial section after the manner of 
M. H. Miiller, and of those of the choroid coat,—structures 
which are without meaning on the ordinary theory of vision. 


Yours truly, 


University, New York, J. W. Drarer. 
January 26, 1857. 


XXIV. Remarks on the Theory of Parallels. 
By Aurrep Day, LL.D* 


fh appearance of several short articles on the doctrine of 

parallels in recent Numbers of the Philosophical Maga- 
zine, recalls my attention to a subject which I have long and 
attentively considered. While agreeing in general in the views 
of Drs. Whewell, Whately, Lardner, and Messrs. Mill and Hen- 
nessy, on the nature of geometrical definition, that we do not 
conclude from mere names, but that there lies at the basis of the 
reasoning a something assumed which is not susceptible of proof 
in its simplest form, call it axiom or conception, or what you will, 
it appears to me that this something, to be of any avail, must be 
self-evident, universally and invariably commanding assent, and 
incapable of being disputed, however its nature may be expressed 
in different verbal propositions. The question for consideration 
is, do the definitions of straight line, circle, or parallel line, con- 
tain distinct and independent assumptions? aud if so, are these 
all seen to be equally necessary, or is there but one and the same 
assumption inevitable in the present constitution of the human 
mind, and embracing and implying these various modes of ex- 
pression, lying at the ground of our deductions? Is not the 
conception of space common to all men, and does it not contain 
in it all that is necessary for a science of geometry? If so, there 
should be nothing disputable or open to cavil in the minds of 
competent thinkers. An axiom, to be valid, must express some 
ultimate truth mvolved in this conception, and should be inea- 
pable of further proof, otherwise it is superfluous. If, after 
repeated attempts to analyse a proposition already so far element- 
ary that we are intuitively confident of its truth, we find our- 
selves driven to modes of explanation which are in themselves 
more difficult than the deductive processes to which geometry is 
applied, such, for instance, as the use of limits or arguments from 
continuity or inconceivableness, we may be pretty sure that we 
have passed from the region of deduction and proof into that of 
fundamental conception. There is an endless variety of such 
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proofs, as Legendre’s (by limits), Colonel Thompson’s, Mr. 
Exley’s, and lastly Mr. Stevelly’s, the first being probably the 
best in respect of simplicity. No one denies the adequacy of 
the proof, but there is always some break or chasm in the argu- 
ment which we must bridge over by an appeal to the ultimate 
conception of space, and which may therefore as well be done at 
once without all this din and preparation. It may, after all, be 
doubted whether Euclid’s twelfth axiom is not incomparably the 
best of all that have been proposed, when the scope and require- 
ments of elementary geometry are duly considered. I cannot 
agree with Mr. Hennessy, that the doctrine of parallel lines would 
be complete without it; for although by his definition parallel lines 
would never meet, yet it is necessary for many of the demonstra- 
tions of problems by construction, to know that there are no other 
but parallel lines which do not meet, to say nothing of the proof 
of the value of the three internal angles of a triangle. We want 
an axiom which includes the essential conception of angle as well 
as parallel straight line, and there is no advantage in separating 
them. In one sense parallelism is only a particular case of lines 
which meet: it is the limit of angularity, so that parallel and 
right angle are only two particular extreme terms when the 
angle equals 0° and 90°. By parallel lines, therefore, we mean 
not only two straight lines which never meet, but lines one of 
which cannot be cut by a straight line without its cutting the 
other also. Let us imagine that Euclid was endeavouring to define 
an angle,—how that it was made by the intersection of two lines 
which continually diverged, and how this divergence necessarily 
implies unsymmetrical conditions on the two sides of any other 
line cutting them transversely. Two straight lines can be con- 
structed so as to cut a third, both at right angles, making the 
angles on each side of the cutting line respectively equal to two 
right angles. These lines are parailel, and never meet. Any 
change of position of these lines by which the two ends on one 
side were made to approach, would be accompanied by a depart- 
ure of the ends on the other side, by an enlargement of the 
angles on the latter, and a contraction on the former side. What 
more self-evident or obvious, than that as the ends have been 
brought nearer to one another, the lines will meet at some finite 
distance if continued? And why should not Euclid make choice 
of this as the most useful and convenient form of the assumption, 
seeing that if by parallel you mean not meeting, you cannot 
prove that the angles on one side the cutting line are exactly 
two right angles, but only that if they make these angles such, 
they are amongst the number of parallel lines ? 

Mr. Hennessy’s definition, that parallels are such that if they 
meet a third right line the two interior angles on the same side 
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will be equal to two right angles, is open to the objection, that it 
is not proved, or certainly known, that there are any lines which 
will always exhibit this property, however cut, and therefore that 
it contains covertly what Euclid openly assumes; and I do not 
think that because Euclid’s definition of a square is allowed to 
pass unquestioned, it is therefore superfluous to investigate the 
grounds of the parallel theory. We all know that what set- 
tles the one settles the other; it is not necessary to revive the 
strife every time the question recurs. Many instances could be 
adduced where Euclid has thought fit to be serupulous in one in- 
stance, and to neglect such over-nicety in others equally requiring 
rigidity of proof; but this is only saying, that, with all his won- 
derful discernment and care, he is not perfect. To return, how- 
ever, to the main question. Some fourteen or fifteen years ago, 
I published two small pamphlets on the subject of the present 
discussion, in which I attempted to derive the doctrine of paral. 
lels, as well as that of Proportion, from the consideration of 
similar triangles, which I regarded as identical, or as undistin- 
guishable by the understanding. Geometry has not to do with 
empirical or assigned space magnitude. A figure once given is 
the same whether the space it fills is large or small. We do not 
by a specific triangle mean one which has one spatial dimension 
rather than another; but just as a limited space is a part of 
infinite space, a specific form may have regard to any spatial 
dimension, and thus there is always an infinite number of similar 
figures of every kind. The understanding recognizes these only 
as identical. Form has regard only to angularity, and the rela- 
tion of the bounding sides to one another measured by an arbi- 
trary unit. I regarded parallel lines to be the corresponding 
boundaries of these identical figures, and thus deduced all the 
leading facts of geometry by attempting to show that the diffi- 
culties owe their origin to a confusion of empirical and merely 
intelligible conditions. 

The same thing might have been accomplished differently by 
insisting on the absolute identity of parallel lines, as regarded 
by the understanding, without reference to their passing through 
different points in space which are likewise undistinguishable 
by an act of pure thought*. But further than this, the geometric 
conception of a circle really assumes all that is supposed in the 
rotation of a line round any point in itself; and as this may take 
place indifferently at all points in space, for anything we can 
conceive to the contrary, there can be no objection to the intro« 
duction of such a postulate. As every bounded figure can be 
conceived to be produced by the rotation of one of its sides into 


“ The full development of this line of argument is here omitted as 
requiring too much letter-press, F 
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all the positions of the other sides till it returns into itself, the 
external angles of every right-lined figure must always be equal 
to four right angles, and therefore the interior angles of a tri- 
angle to two. Myargument then would assume this form: that 
if there be any result which the pure conception of space leaves 
unexplained, we have not seized that conception aright, or 
there is no basis for a complete science. If we have, no arbi- 
trary result can be admitted which is not explicable, or we have 
the principle of the sufficient reason to go upon. Ifa change of 
position in space can alter the truth of a proposition respecting the 
relation of lines and angles, or the parts of a specific form, or I 
might rather say, the evidence for the truth of such a propo- 
sition, then is there no complete universal conception of space. 
I defend Euclid’s twelfth axiom, therefore, as the best, most 
simple and natural mode of presenting the case in an element- 
ary and practical treatment of it, that is, if we are to omit the 
deduction from the ultimate conception of straight line and 
angle. In other words, while I would contend for a strictly 
philosophical analysis of the question, which I believe to be pos- 
sible, I do not think that any construction of the proof by means 
of lines or schemes, or any mental intuition of this sort, will 
make the axiom more self-evident. This is all that can be meant 
when we deny that a geometrical proof has been given ; but the 
necessat'y truth of the axiom can be shown from our conception 
of space by reasoning in which lines and schemes give no assist- 
ance, call the proof metaphysical, or what you will. All we require 
is, to agree upon the best way of presenting the subject in a form 
which shall not be discreditable to the present advanced state of 
philosophy. 
Clifton, January 1857. 


XXV. On the Polarization of Diffracted Light. 
By Professor G. G. Stoxes, M.A., Sec. R.S. &c.* 


Q* considering the recent interesting experimental researches 
of M. Holtzmann on this subject, I am induced to make 
the following remarks. 

In the more common phenomena of diffraction, in which the 
angle of diffraction is but small, we know that the character of 
the diffracting edge, and the nature of the body by which the 
light is obstructed, are matters of indifference. This was made 
the object of special experimental investigation by Fresnel; and 
its truth is further confirmed by the wonderful accordance which 
he found between the results of the most careful measurements 
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and the predictions of a theory in which it is assumed that the 
office of the opake body is merely to stop a portion of the inei- 
dent light. But when diffraction is produced by a fine erating, 
the angle of diffraction is no longer restricted to be small; and 
it becomes an open question whether the precise circumstances 
of the diffraction may not have to be taken into account, and not 
merely the form and dimensions of the apertures through which 
the light passes. If so, the problem becomes one of extreme 
complexity. In my memoir on the Dynamical Theory of Dif- 
fraction, published in the ninth volume of the Cambridge Philo- 
sophical Transactions, I investigated the problem on the hypo- 
thesis that in diffraction at a large angle, as we know to be the 
case in diffraction at a small one, the office of the opake body is 
merely to stop a portion of the incident light. I distinetly stated 
this as a hypothesis, and I always regarded it as rather pre- 
carious. 1 was guided by the following consideration. Let AB 
be the section of a transparent interval by the plane of diffrac- 
tion, supposing for simplicity the diffraction to take place in air 
or in a homogeneous medium, and not at the confines of two 
different media; let AB=4; let @ be the angle of diffraction, 
and 2 the wave-length in the medium. Supposing the hght to 
be incident perpendicularly on the grating, the difference of 
phase of the secondary waves which started from A, B, respect- 
ively, will be determined by the length of path d sin @ within the 
medium. In experiment this will usually be a considerable 
multiple of A. In the line AB take two points, A’, B’, equidistant 
from A, B, respectively, and comprising between them as large a 
multiple as possible of Xcosec 8. If we suppose the influence 
of the opake body insensible at the distance AA’ or BB! from A 
or B, the secondary waves which start from all points in the in- 
terval A'B! will neutralize each other by interference, so that the 
whole effect will be due to the secondary waves which start from 
AA! and BB!. Suppose the angle £ to belong to the brightest 
part of a “spectrum of the first class” (Fraunhofer) ; then 
“AA! + BB'=2) cosec f, 2 referring to mean rays, so that AA! or 
BB is only equal to cose. If, for example, B=30°, AA! 
is only equal to 3X. At such very small distances it may well 
be doubted whether the influence of the opake body may not 
have to be taken into account. 

When diffraction takes place at the confines of two different 
media, suppose air and glass, the problem is still further com- 
plicated. We may, however, apply the theory to which reference 
has been made on the two extreme suppositions, first, that the 
diffraction takes place wholly in the first, secondly, that it takes 
place wholly in the second medium. ‘The results of my own ex~ 
periments were very fairly represented by theory, the vibrations 


Prof. Stokes on the Polarization of Diffracted Light. 161 


being supposed perpendicular to the plane of polarization, pro- 
vided the diffraction be conceived to take place in the first 
medium, or in other words, just before the light reaches the 
grating; but they would not at all fit the hypothesis of vibra- 
tions parallel to the plane of polarization. I put forth some 
considerations, founded on probable reasoning, to show that the 
supposition of diffraction taking place in the first medium was 
in accordance with the physical circumstances of the case. So 
decided was the result obtained, that it seemed to me a strong 
argument in favour of the hypothesis that the vibrations are 
perpendicular to the plane of polarization, though I still felt the 
necessity of repeating the experiments under varied circum- 
stances. 

But since the appearance of M. Holtzmann’s researches the 
state of the question is changed. I have no reason to doubt the 
correctness of his results, while on the other hand the result I 
myself obtamed was far too decided to be passed by. The con- 
clusion which, in the present state of the question, seems to me 
most probable is, that the polarization of light diffracted at a 
large angle is, in fact, inflnenced by the nature of the diffract- 
ing body. The subject demands a much more extensive expe- 
rimental mvestigation, in which the circumstances of diffraction 
shall be varied as much as possible. I hope to have leisure to 
undertake such an investigation : meanwhile it would be prema- 
ture to offer any decided opinion. It seems to me, however, 
worthy of attentive consideration, whether a glass grating may 
not offer a fairer experiment for the decision of the question as 
to the direction of vibration in polarized light than a smoke 
grating, inasmuch as in the former we have to do with an unin- 
terrupted medium, glass, the surface of which is merely rendered 
irregular, whereas in the latter the problem is complicated by 
the existence of two distinct media, glass and soot, placed alter- 
nately. I call the layer of soot a medium, for though no light 
can pass through any sensible thickness of it, we must not con- 
clude from that that it is without influence on the light which 
passes excessively close to it. 

I have not mentioned the effect of oblique refraction in the 
experiments of M. Holtzmann, because if it were allowed for, the 
character of the results obtamed would remain unchanged, the 
magnitude of the observed effect would only be somewhat dimi- 
nished. 


Pembroke College, Cambridge, 
February 20, 1857. 
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XXVI. On M. J. Nicklés’ claim to be the discoverer of Fluorine 
in the Blood. By Grorce Witson, M.D., F.R.S.E., Regius 
Professor of Technology, University of Edinburgh*. 


[ AM very reluctant to occupy the time of this meeting with a 

personal matter, but as 1 am necessitated to defend my 
priority in reference to certain researches which in greater part 
were first communicated to this Society, and first made publie 
through its ‘ Transactions,’ it seems the proper tribunal, at least 
in this country, to adjudicate on a question liable to dispute. 

A communication was made to the French Academy, at its 
meeting on the 83rd of November, 1856, by M. J. Nicklés, 
entitled “ Presence du Fluor dans le Sang.” From the tenour 
of M. Nicklés’ remarks, it would seem that he is not aware that 
the existence of fluorine in the blood was announced by me in 
1846, and specially demonstrated in 1850; nor is he acquainted 
with the researches which others besides myself have made in 
this country and in America, into the distribution of fluorme 
throughout the different kingdoms of nature. In justice ac« 
cordingly to all parties, I seek to recall the following facts, which 
may save M. Nicklés needless labour and prevent future disputes. 
His announcement is as follows: it is reported in the Comptes 
Rendus for November 6, 1856, and in the Journal de Pharmacie 
et de Chimie, December 1856, p. 406, from which I take it :— 


“ Présence du Fluor dans leSang. Par M. J. Nickuks. (Communiqué 
a [ Académie des Sciences, dans la séance du 3 Novembre 1856.) 


“ Par suite de considérations que j’aurai prochainement l’honneur de sou- 
mettre a Academie, j’ai été conduit a vérifier cette assertion tant contestée; 
de la présence de fluor dans les os. Mes expériences ayant été affirmatives, 
Jai recherché le fluor datis le sang, seule voie par ov il ait pu arriver jusqu’au 
tissu osseux. J’y efi ai trouvé de notables proportions, non pas seulement 
dans le sang humain, mais encore dans celui de plusieurs mammiféres (pore, 
mouton, beeuf, chien), et de plusieurs oiseaux (dindon, oie, canard, poulet), 

* Des résultats si concordants me semblent donner au fluor une import- 
ance qu’il fi’a pas eue jusqu’a ce jour en médecine ou en physiologie; ils 
infirment évidemment cette opinion de Berzélius, suivant laquelle la pré= 
sence du fluor dans les os est purement accidentelle, et qu’en tout cas elle 
n’est pas nécessaire. 

‘Sil fallait d’autres preuves en faveur de la nécessité de reviser le juge- 
mént de l’illustre chimiste, on le trouverait dans les faits suivants: il y adu 
fluor dans le bile, il y en a dans ’albumine de l’ceuf, il y a dans la gélatine, 
il y en a dans la salive, dans Purine, dans les cheveux; il y ena dans 
les poils d’animaux (boeuf, vache et veau); en un mot, l’organisme est 
pénétré de fluor; on peut s’attendre a en trouver dans tous les liquides qui 
Vimprégnent. 

“Dans un prochain travail je ferai connaitre les procédés trés simples & 
Paide desquels j’ai pu reconnaitre la présence du fluor dans toutes ces 


* Communicated by the Author; having been read to the Royal Society 
of Edinburgh, February 16, 1857. 
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matiéres. Pour le moment, je dois me borner a prendre date et & prier 
VAcadémie de me donner acte de cette communication.” 


I subjoin for convenience of reference an English translation :— 


“From considerations which I shall shortly have the honour to submit 
to the Academy, I have been led to verify the much-disputed assertion of 
the presence of fluorine in the bones. My experiments having been affirm- 
ative, I sought for fluorine in the blood, the only channel by which it could 
have reached the osseous tissue; and I found notable quantities of it, not 
only in human blood, but also in that of several of the Mammalia (pig, 
sheep, ox, dog), of several birds (turkey, goose, duck, fowl), 

“Results so uniform appear to me to give to fluorine an importance 
which it has not yet obtained in medicine or physiology; they manifestly 
contradict the opmion of Berzelius, that the presence of fluorine in the 
bones is purely accidental, and that it is at any rate non-essential. 

“If other proofs were needed to show the necessity of revising the judges 
ment of the illustrious chemist, they would be found in the following facts ; 
there is fluorine in the bile, in the albumen of eggs, in the saliva, in the 
urine, in the hair; in the hairs of animals (ox, cow, calf); in a word, the 
organism is penetrated by fluorine; and we may expect to find some in all 
the liquids with which it is impregnated. 

Tn an early work I shall make known the very simple processes by means 
of which I have recognized the presence of fluorine in all those substances 
For the present I limit myself to noting the date, and asking the Academy 
to give me formal acknowledgement of this communication.” 


From the statement of Nicklés, which I have quoted in full, 
it will be seen that its author was led by his verification of the 
conclusion, first announced at Rome by Morichini and Gay- 
Lussac in 1802, that fluorine occurs in the bones of animals, to 
infer that it must be conveyed to these organs by the blood, and 
to seek for it in that fluid. 

The majority of analysts, however, have long ago justified the 
early Roman observations. In particular the question of the 
presence of fluorine in bones was keenly contested in London in 
1843, and analyses confirmatory of its occurrence in them were 
published by Professor Daubeny and Mr. Middleton; to which 
in 1846 I added, in a communication made to this Society, the 
accordant results obtained by Professor Gregory and myself, and 
drew attention to the suggestion of Professor Graham of London, 
and of Dana, the American geologist, that animals possibly des 
rived the fluorine found in their tissues from fluoride of calcium 
held in solution by water containing carbonic acid. In the same 
paper I adyerted to the conclusion of Mr. Middleton, founded 
on his detection of fluorine in a multitude of aqueous deposits, 
that “ beyond a doubt it is present in water, though perhaps in 
very minute quantity; .... The simple fact that the blood con- 
veys it to the bones would, I apprehend, sufficiently confute any 
scepticism on the subject.” 

At this point I took up the inquiry in January 1846, and on 
April 6 of that year communicated a paper to this Society, in 
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the ‘Transactions’ of which it was published. It will be suffi- 
cient here to give an epitome of its contents. The paper was 
entitled “ On the Solubility of Fluoride of Calcium in Water, 
and its relation to the occurrence of Fluorine in minerals, and in 
recent and fossil plants and animals.’”’ It is divided into seven 
sections. ‘The first, entitled “Introductory Remarks,”’ details 
the researches of my predecessors, including those to which I 
have just referred. The second, entitled “Of the Solubility of 
Flaoride of Calcium in Water,” points out, that, contrary to pre- 
vious belief, this salt is dissolved by pure water, yielding a solu- 
tion answering to all the tests of lime and of hydrofluoric acid. 
The third, entitled “ Of the presence of Fluorine in Well-, River-, 
and Sea-Water,” confirms and extends the observations of pre- 
vious analysts on the occurrence of a dissolved fluoride in fresh 
water, and for the first time announces its direct discovery in 
sea-water, where Middleton and Dana had independently anti- 
cipated its presence, after finding it invariably in the shells of 
marine mollusca and in corals. The fourth section, entitled 
* Of the presence of Fluorine in Minerals,” does not call for 
special notice. The fifth, entitled “Of the presence of Fluorine 
in Plants,” confirms the results of Will of Giessen as to the exist- 
ence of this element in the ashes of vegetables, and draws atten- 
tion to plants and to water as the media by which fluorides may 
be transferred from the soil to animals. The sixth section, en- 
titled “ Of the presence of Fluorine in Animals,”? commences with 
the statement, “ As there exists, then, a twofold source of fluor- 
ine for animals, we may anticipate its occurrence in various parts 
of their structure ;” and thereafter announces, in opposition to 
the negative results of Dr. Rees, my confirmation of the obser- 
vation of Berzelius that a fluoride is present in human urine, a 
result which the great Swedish chemist hailed with satisfaction 
before his death*, although M. Nicklés seems to think that he 
has been the first to confirm the original assertion. The paper 
then proceeds to state, “It could not be doubted, after the facts 
I have detailed, that fluorine would be found in the two great 
formative liquids of the animal body, blood and milk; I have 
found it in both. So far as I am aware, it has hitherto been 
overlooked in all the analyses that have been made of these 
liquids ; probably it has not been sought for. I employed the 
blood of the Ox, and in two cases obtained markings on glass 
which only became visible when breathed upon, but are then 
quite manifest. In the third the glass was distinctly though 
faintly corroded.” 

The concluding part of this section is occupied with a criticism 


* Jahres-Bericht, yon Jacob Berzelius, 1848, p. 164, which contains a 
general comment on my researches of 1846. 
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of the declaration of Treviranus, that the gastric juice of birds 
contains hydrofluoric acid; the final sentence beg, “ We may 
now look for fluorine in all the animal fluids.” 

I merely name the title of the seventh section, which is headed 
“ Of the presence of Fluorine in Fossil Bones and its relation to 
Animal Life.” 

In the summer of the same year, 1846, I ascertained the ex- 
tent to which pure water dissolves fluor-spar, namely 0°26 grain 
in 7000 grains of the liquid at 60°F, This result was announced 
to the British Association at its meeting for that year, and to 
this Society in November. In 1849 these observations were 
repeated with certain variations, to meet objections which had 
been raised to my conclusions, but with the same result. In 
1849 I communicated to the British Association the results of 
a series of analyses, demonstrating by a new method of inquiry 
the presence of fluorine in the waters of the Frith of Forth, the 
Frith of Clyde, and the German Ocean ; and in March 1850 I 
communicated to this Society an additional series of observations 
made in the same way, but extended to the waters of the Trish 
Sea, of the Atlantic, and the Mediterranean. This paper was 
accompanied by a letter from Professor Forchammer of Copen- 
hagen, testifying to the presence of fluorine in the waters of the 
Baltic. In the summer of the same year (1850) I returned to 
the analysis of blood and milk for fluorine, feeling assured that 
still more decisive proofs of its presence in both could be obtamed 
by using a larger amount of material, and subjecting it to a sim- 
pler process. Accordingly, employing in the case of blood (which 
was that of the Ox) 26 imperial pints, in the case of milk 9 im- 
perial pints, and in that of cheese 12 Ibs., I was able to etch 
glasses with the hydrofluoric acid evolved from them so deeply 
that they might have been printed from, like copper plates. The 
etched glasses were shown to the members of the Chemical and 
Physiological Sections of the British Association at its meeting 
in Edinburgh in 1850, and the details of the process published 
in its ‘ Transactions,’ as well as in the Edinburgh Philosophical 
Journal for October of that year*. In the spring of 1852 I 
again brought the subject before this Society in a paper entitled 
“Qn two new Processes for the Detection of Fluorme when 
accompanied by Silica; and on the presence of Fluorine in Gra- 
nite, Trap, and other Igneous Rocks, and in the ashes of recent 
and Fossil Plants.” (Read April 19, 1852.) In the summer also 
of the same year, a communication, founded on an application of 
these processes, was made to the Botanical Society of Hdinburgh, 

* They are specially referred to in the English translation of Lehmann’s 


‘ Physiological Chemistry,’ by Prof. G. E. Day, vol. i. p. 425. Cav. Soe, 
Publ. 1851. 
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‘On the presence of Fluorine in the stems of Gramines, Hqui- 
setaceze, and other Plants, with observations on the sources from 
which vegetables derive this element.” In this communication, 
read July 8, 1852, I reported the results of an examination of 
twenty-four plants or vegetable products, in twelve of which 
fluorine was found. It will suffice to state, in referenee to both 
papers, that their object is to point out and illustrate by exam- 
ples, methods of readily discovering fluorme in circumstances 
which previously rendered its detection difficult. 

The more perfect of the two processes has been applied with 
success by Professor Hofmann to the detection of fluorine in the 
mineral waters of Harrogate; and Fresenius has introduced it 
into the last edition of his ‘ Qualitative Analysis*.’ ; 

The researches thus referred to have been chiefly published in 
the ‘ Transactions’ of this Society, and of the British Association, 
but have been brought in part before the Chemical Society of 
London. They are known in Germany, Denmark, Sweden and 
America, and have been referred to by many authors in this 
country, It is reasonable, accordingly, to infer that some know- 
ledge of them has reached Paris ; and it might have been supposed 
that they had not altogether escaped the notice of M, Nicklés, 
whose name appears on the title-page of the Journal de Phar- 
maeie et de Chimie, as editing the department of that work entitled 
“ Une revue des Travaux Chimiques publiés a l Etranger,” 

I bring no charge, however, against M, Nicklés, In these 
days of multiplied monographs it would be unjust to blame any 
man for ignorance of a single series of special researches, Never- 
theless, seeing that this author’s name appears on the title-page 
of the Journal de Pharmacie side by side with those of our Viee- 
President Dr, Christison, as its Edinburgh Correspondent, and 
of Dr. Redwood, the Secretary of the Cavendish Society, as its 
London Correspondent, the countrymen of M. Nicklés may think 
themselves entitled to quote the legal maxim, “ de non apparen- 
tibua et de non existentibus eadem ratio,” and to infer that what 
of reputed English science is not known to him, does not exist 
to be known. Whilst, therefore, I wish M. Nicklés all success 
in extending our knowledge of the organismal distribution of 
fluorine, I ask from him, now that he is made aware of the fact, 
acknowledgement of my priority in reference to the discovery 
which he specially claims, and of the other discoveries which the 
papers referred to announce, 


* Fourth edition of the English translation, 1855, p, 134, stated by its 
editor, Mr. J. L. Bullock, to correspond with the eighth German edition. 
The process essentially consists in heating the silicated fluoride with oil of 
yitriol, and condensing the gaseous fluoride of silicon in aqueous ammonia, 
which after evaporation, re-solution in water, and desiccation, yields fluoride 
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XXVII. On the Heat in the Sun’s Rays. By Exisua Poorr*, 


ee experiments here detailed were instituted for the pur- 
pose of investigating the heat in the sun’s rays. 

Two instruments have been used for this purpose. One was 
Leslie’s differential thermometer. Both bulbs of it were black- 
ened by holding them in the smoke of burning pitch. When 
experimenting, one was shaded, the other was exposed to the 
direct action of the sun’s rays; and as both were thus equally 
subject to all other influences, the result was not affected by them. 

Generally, however, I have found it more conyenient to use two 
mercurial thermometers, and note their difference, Two small 
and very delicate instruments were procured as nearly alike as 
possible, The stems of both were attached to the same plate, 
about 2 inches apart, and the scales were marked upon it in 
juxtaposition, so that the eye could see the indications of both 
at the same time. Both bulbs were blackened as in the other 
instrument, It was used in the same manner, The tempera- 
tures in the sun and in the shade were noted, and their differ- 
ence was taken as equivalent to the indications of the differential 
thermometer. 

The question that first arises is, Does the difference between 
the shaded and exposed bulbs afford a correct measure of the 
heat in the sun’s rays? To this point I would ask attention 
before proceeding to the experiment, 

The theory of the differential thermometer was accurately in. 
yestigated by Leslie, In one of the foci of two parabolic reflect. 
ors he placed a tin canister, which was heated or cooled by 
putting in liquids of different temperatures, or frigorific mixtures, 
In the other, the heat was received on one of the bulbs of hig 
differential thermometer ; and under all circumstances, the indi- 
cations of the instrument were found to be accurately propor- 
tional to the differences between the temperatures of the canister 
and those of the surrounding air. 

I have yaried these experiments by keeping the canister at the 
uniform heat of boiling water in different temperatures of the 
air, and by substituting other sources of heat, and haye always 
found the results to accord with those obtained by the distin- 
guished philosopher to whom I have referred. 

The principles of radiation lead to the same result ; for while 
of ammonium. Fresenivs recommends the addition of ‘ some eoarse pieces 
of marble to ensure a continyous slight evolution of gas;” but I cannot 
approve of this recommendation, since the constant occurrence of fluorine 
in shells and corals implies its presence in limestones; and the enaploy- 
ment of marble for the purpose indicated, risks the introduction of the 
very element for whieh we are seeking, 


Read before the American Association for the Advancement of Beience, 
August 23,1806; and reprinted from Silliman’s Journal for November 1856, 
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the differential thermometer receives heat from the canister, it at 
the same time radiates it to surrounding bodies, and that in pro- 
portion, or nearly so, to the difference between its temperature 
and that of the medium in which it is placed. 

I regard it therefore as well established, that the differential 
thermometer affords a correct measurement of the differences 
between the heat of the canister and that of the surrounding air. 
These differences may evidently be varied in two ways: by 
changing either— 

Ist. The heat of the canister ; or— 

2ndly. The temperature of the air. 

An increase or diminution in the heat of the canister would 
directly increase or diminish the differences ; whilst an imcerease 
in the temperature of the air would diminish the difference until 
an equality between the two was obtained. If the temperature 
of the air were uniform, and the changes were those of the 
canister alone, the instrument measuring the differences would 
correctly indicate those changes; but if the heat of the canister 
were uniform and that of the air were varied, then would the 
instrument equally indicate those changes, but in a contrary 
direction. In case the heat of both the canister and the air was 
varied at the same time, if we knew the change in one and its 
effects upon the instrument, we could easily deduce the changes 
in the other. Suppose, for example, an increase of ten degrees 
on the scale of the instrument, and an elevation of five degrees in 
the temperature of the air; the effect of the latter havmg been 
to depress the thermometer five degrees, and the canister having 
not only overcome that effect but increased the indications ten 
degrees, the sum of the two or fifteen degrees would be the real 
change which had taken place in the heat of the canister. Had 
there been a depression in the temperature of the air, it obviously 
should be subtracted from the indications of the instrument to 
obtain the desired measurement. 

It is upon these principles that I have applied the differential 
thermometer to measure the comparative heat in the sun’s rays. 
One of its bulbs received their direct action in the same way that 
it received the rays proceeding from the canister. The tempe- 
rature of the air was at the same time obtained by a common 
thermometer. An increase was added to, and a diminution sub- 
tracted from, the indications of the instrument to obtain the 
real changes in the heat of the rays proceeding from the sun. 

My first experiment was of the simplest kind. It was a win- 
ter’s day. The differential thermometer was placed on the out- 
side of a window where the temperature was below the freezing- 
point. The effect measured by the scale (which merely divided 
the stem into equal parts) was 53°. It was then placed on the 
inside of the window, where the temperature was about 70°, and 
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to my surpris: the effect rose to 115°. The experiment was 
many times repeated with similar results, although varying some- 
what in amount from the different degrees of brightness in the sun. 
The change in the temperature of the air was still to be added, 
and the conclusion seemed to be irresistible, that the sun’s rays 
in passing into the heated room acquired a temperature that 
they did not derive from the sun. 

The experiment was next repeated with different temperatures 
of the room, and it was found that the intensity of the rays de- 
pended upon the heat of the room. Indeed in the coldest weather 
in winter I could impart to them a power which belonged to a 
summer’s sun. 

At a later period, when the circumstances were changed and 
the heat on the outside had become greatest, the indications of 
the instrument were reversed. The high temperature of the 
summer rays was in a great measure lost or dissipated on enter- 
ing into a cool room. There they had no greater power than 
had been found at similar temperatures in the winter. 

For the purpose of a more accurate investigation of the sub- 
ject, I procured a glass shade or receiver about 10 inches in dia- 
meter and 22 in height. A copper base was adapted to it with 
a groove around the outer edge, into which the receiver fitted ; 
and when it was filled with dry ashes, the point was thereby 
rendered sufficiently air-tight. It was supported by legs so high 
that a spirit-lamp could be placed under it, and any required 
temperature given to the air within. 

A second receiver of the same size was sometimes used for the 
purpose of simultaneous comparison. The air within it was 
cooled by inserting a tin canister filled with frigorifie mixtures. 
The thermometers were supported within the receivers, and thus 
at the same time the same rays could be tested in the opposite 
extremes of temperatures. 

I subjoin, as an example, the following Table (p.17 0), containing 
the results of an experiment made in February last at eight o’clock 
in the morning. It was a clear day, and the sun shone through 
a window into the room where the instruments were placed. 

The first observation was the temperature of the room and in 
the sun upon a mercurial thermometer. The lamp was placed 
under the receiver, and as the temperature of the air was gra- 
dually increased, the effect was noted until the heat in the sun 
had attained the highest limit of the thermometer. The fourth 
column contains the differences between the thermometer in the 
shade and the one in the sun. The fifth column shows the true 
relative heat of the sun’s rays at the different temperatures. It 
was obtained, as before explained, by adding to the differences 
the increase in the temperature of theair. Several observations 
may be made in regard to the results in the Table. 

Phil. Mag, 8, 4, Vol, 13, No, 85, March 1857. N 
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Number of ‘Femperotu Temperature | pifferences, | Relative heat 
observations. of air in sun. of sun’s rays. 


| | 


1 40 46 6 6 
2 44 50 6 10 
3 48 56 8 16 
4 50 60 10 20 
5 54 66 12 26 
6 58 70 12 30 
7 63 80 17 40 
8 70 90 20 50 
9 78 100 22 60 
10 83 106 23 66 
ll 88 110 22 70 
12 98 120 22 80 
13 102 124 22 84 
14 108 130 22 90 


Ist. That the heat in the sun’s rays is not uniform, such as 
would proceed from a great heated body of uniform intensity, 
nor is it such as was received from the canister when kept at the 
same degree of heat, but that it varies and is dependent upon 
the temperature of the air. 

2ndly. That the effects of the sun’s rays upon the thermometer 

at the different degrees of heat in the receiver is the same that 
has usually been observed at similar temperatures in the open 
air. It is easy, by changing the heat within the receiver, to 
imitate the power of the sun’s rays that has been observed at any 
time or in any place; indeed at the same time the same rays 
may have in one receiver the burning heat of a summer’s sun, 
and in the other only the feeble action of winter. 
_ 8rdly. It appears that heat does not travel along with the rays 
of light, as has been usually supposed, but that it is received, or 
parted with, lost or acquired, according to the temperature of the 
place that the rays illuminate. The same rays that within the 
receiver have the high intensity belonging to summer, on passing 
to the outside are reduced again to a winter’s temperature. 

In view of these results, it seems to me to accord better with 
the facts to attribute to the sun’s rays, perhaps to all light, an 
action of some kind on such heat as they come in contact with, 
producing thereby the effects that we have been accustomed to 
attribute to an enormous temperature in the sun. Hach planet 
may be supposed to possess its own atmosphere of heat: this 
will be affected by the sun’s light as the heat within the receiver 
was affected ; but they need not be frozen by their great distance, 
nor burned by their near approach to the great luminary. 

It becomes an interesting and important inquiry to ascertain 
the circumstances that affect the action of light on heat. 

One of the most obvious is, that the amount of action depends 
upon the quantity of light. The clearness of the atmosphere 
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always affects the experiment, making it somewhat difficult to 
compare observations taken at different times. A strong light 
obtained by reflexion or otherwise always increased the effect. 
But the most striking results were obtained by concentrating the 
rays with a lens. One was placed in the receiver with its focus 
directed upon an additional thermometer; the second and third 
columns in the following Table contain the temperatures of the 
air and in the sun, and the fourth the heat in the focus, while 
the air in the receiver was heated as before. The atmosphere at 
the time was not entirely clear. 


Number of Temperature Temperature Heat in focus. 
observations. of air. in sun. 
1 76 82 104 
2 78 88 114 
3 80 90 120 
4 | 84 96 130 
5 90 102 138 
6 100 110 148 
ff 104 114 152 


The burning-glass was then so arranged, that, being within the 
receiver, its focus was on the outside. The result was as follows:— 


Heat in focus. 


Number of Temperature | Temperature 
observations. of air. in sun. 


Then the burning-glass was placed on the outside of the 
receiver, and so arranged that its focus should be on the inside, 
and the effect was the same as if both glass and focus had been 
on the inside. 

It will be observed that the effect of the burning-glass is sim- 
ply to increase the results before obtained. Its power depends 
upon the temperature of the place at which the light is concen- 
trated. That no heat travels with the light is rendered more 
manifest. The increased temperature of the rays on the inside 
had no effect at their focus on the outside. 

The power of the burning-glass seems therefore to depend on 
two considerations :—Ist, the amount of light concentrated ; 
2ndly, the amount of heat on which it acts. 

Those who have heretofore sought its best effects have, it 
seems to me, too much ngs the latter consideration. Its 
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greatest power is to be obtained by concentrating the greatest 
amount of light on the highest degree of artificial heat. The 
combination of the two may perhaps have important practical 
applications. The chemist may possibly produce new results by 
adding to the highest resources of artificial heat the powerful 
agency of concentrated light. 

The subject is unfinished, and it is my intention to resume it 
on some future occasion. 


s 


XXVIII. On the Theory of the Analytical Forms called Trees. 
By A. Caytey, Esq.* 


SYMBOL such as AO,+BO0,+.., where A, B, &c. con- 
tain the variables z, y, &c. in respect to which the 
differentiations are to be performed, partakes of the natures of 
an operand and an operator, and may be therefore called an Ope- 
randator. Let P, Q, R.. be any operandators, and let U bea 
symbol of the same kind, or to fix the ideas, a mere operand ; 
PU denotes the result of the operation P performed on U, and 
QPU denotes the result of the operation Q performed on PU ; 
and generally in such combinations of symbols, each operation 
is considered as affecting the operand denoted by means of all 
the symbols on the right of the operation in question. Now con- 
sidering the expression QPU, it is easy to see that we may write 
QPU=(Q x P)U+ (QP)U, 
where on the right-hand side (Q x P) and (QP) signify as fol- 
lows: viz. Q x P denotes the mere algebraical product of Q and 
P, while QP (consistently with the general notation as before 
explained) denotes the result of the operation Q performed upon 
P as operand; and the two parts (Qx P)U and (QP)U denote 
respectively the results of the operations (Q x P) and (QP) per- 
formed each of them upon U as operand. It is proper to remark 
that (Q x P) and (P x Q) have precisely the same meaning, and 
the symbol may be written in either form indifferently. But with- 
out a more convenient notation, it would be difficult to find the 
corresponding expressions for RQPU, &c. This, however, can be 
at once effected by means of the analytical forms called trees 
(see figs. 1, 2, 3), which contain all the trees which can be formed 
with one branch, two branches, and three branches respectively. 
The inspection of these figures will at once show what is meant 
by the term in question, and by the terms root, branches (which 
may be either main branches, intermediate branches, or free 
branches), and knots (which may be either the root itself, or 
proper knots, or the extremities of the free branches). To apply 
* Communicated by the Author. 
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this to the question in hand, PU consists of a single term repre- 
Fig. 1. Fig. 2. Fig. 3. 


| MV AA 


sented by fig. 1 (bis); QPU consists, as above, of two terms 
represented by the two parts of fig. 2 (dvs), viz. the first part 
represents the term (Q x P)U, and the second part represents the 
term (QP)U. And it is obvious that fig. 2 (d2s) is at once formed 
from the figure 1 (is) by adding ona branch terminated by Q at 
each of the knots of the single part of fig. 1 (dzs)._ In like manner 
RQPU consistsof sixterms represented by the six partsof fig. 3 (dis), 


Fig. 1 (bis). Fig. 2 (bis). Fig. 3 (bis). 
hou“), Tio BU Ui 0a, & 
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and this figure is at once formed from fig. 2 (bis) by adding on 
a branch terminated by Rat each knot of each part of fig. 2 (dis). 
It is hardly necessary to remark that the first part of fig. 3 (dis) 
denotes what, in the notation first explained, would be denoted 
by (BR x Q x P)U, the second term what would in like manner be 
denoted by (RQ x P)U, and so on, the last part being the term 
which would be denoted by ((RQ)P)U ; viz. R operates upon 
Q, giving the operandator RQ, which operates upon P, giving 
the operandator (RQ)P, which finally operates upon U. 

The figures 1 (bis), 2 (bis), &c. contain the same trees as are 
contained in the corresponding figures 1, 2, &ec. ; only on account 
of the different modes of filling up, trees are considered as so 
many distinct trees in a figure of the second set which are con- 
sidered as one and the same tree in the corresponding figure of 
the first set. A difference in the number of trees first occurs in 
the figures 3 and 3 (bis), the first of which contains only four, 
while the latter contains six trees, viz. the first tree, the second, 
third and fourth trees, the fifth tree and the sixth tree of fig. 3 (bis) 
correspond respectively to the first tree, the second tree, the 
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third tree, and the fourth tree of fig.3. To derive fig. 3 (dis) 
from fig. 3, we must fill up the trees of fig. 3 with U at the root 
and R, Q, P at the other knots in every possible manner, subject 
only to the restriction, that, reckoning up from the extremity of 
a free branch to the root, there must not be any transposition 
in the order of the symbols RQP, and taking care to admit only 
distinct trees. Thus the first tree of fig. 3 might be filled up in 
six ways; but the trees so obtained are considered as one and 
the same tree, and we have only the first tree of fig. 3 (bis). 
Again, on account of the restriction, the fourth tree of fig. 3 can 
be filled up in one way only, and we have thus the sixth tree of 
fig. 3 (bis). And thus, in general, each figure of the second set 
can be formed at once from the corresponding figure of the first 
set ; or when the first set of figures is given, the expression for 
YX ..QPU can be formed directly without the assistance of the 
expression for the preceding symbol X...QPU; the number 
of terms for the nth figure of the second set is obviously 
1.2.3...n, and consequently it is only necessary to count the 
terms in order to ascertain that no admissible mode of filling up 
has been omitted. 

The number of parts in any one of the figures of the first set 
is much smaller than the number of parts in the corresponding 
figure of the second set; and the law for the number of parts, 
2. e. for the number A,, of the trees with n branches, is a very 
singular one. To obtain this law, we must consider how the 
trees with n branches can be formed by means of those of a 
smaller number of branches. A tree with » branches has either 
a single main branch, or else two main branches, three main 
branches, &c. ,.. to m main branches. If the tree has one main 
branch, it can only be formed by adding on to this main branch 
a tree with n—1 branches, 7. e. A, contains apart A,_;. If the 
tree has two main branches, then p+ q being a partition of n—2, 
the tree can be formed by adding on to one main branch a tree 
of p branches, and to the other main branch a tree of g branches ; 
the number of trees so obtained is A, A,: this, however, assumes 
that the parts p and g are unequal; if they are equal, it is easy 
to see that the number of trees is only }A,(A,+1). Hence 
p+q being any partition of n—2, A, contains the part A,A, if 
p and q are unequal, and the part }A,(A,+1) if p and q are 
equal. In like manner, considering the trees with three main 
branches, then if p+q+r7 is any partition of n—3, A, contains 
the part A,A,A, if p, g,7 are unequal; but if two of these 
numbers, e. g. p and q, are equal, then the part 3A,(A,+1)A,; 
and if p, q, 7 are all equal, then the part {A,(A,+1)(A,+2) ; 
and so on, until lastly we have a single tree with m main branches, 
or A, contains the part unity. A little consideration will show 
that the preceding rule for the formation of the number A» is 
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completely expressed by the equation 
(1—a)~(1—2?)~41(1 —23)-*27(1 — 24)... 
=1+A,7+A,gx?+A,z?+A,2*+ &e., 


and consequently that we may, by means of this equation, calcu- 
late successively for the different values of n the number A,, of 
the trees with m branches. The calculation may be effected very 
easily as follows :— 


et ly ie ee, ee] 1\(1—2?)~" 
Tt lee le ee | 1 
ie: ey Fa aha rag i 1 
LO Vp! Rey erg 1 
i. te 1 
1 
BS Tis 2203 8. ale ge Bes PSB) 
patra thay gieiige Wig ting af re 
CRE ae oer 2) 
4° 4 


1 18 17 28 27\(1—24)~* 
8 16 20 28 44 
10 10 20 


Berlin boi 4.1(9) LL 19 29 47.6). J9M(L—¢e)~? 
9 9 18 86 81 99 


eS eee 


As=|1 1 2 4 9 (20) 28 47 108 178 226(1—2%)-™ 
20 20 40 80 180 


Ag=| 1 1 2 4 9 20 (48) 67 148 258 406(1—27)-* 
48 48 96 192 


Aj=|1 1 2 4 9 20 48(115)191 354 598(1~25)-"* 
115 115 330 


A,=|1 1 2 4 9 20 48 115 (806) 469 928)(1—29)"*™ 
306 3806 


Ap=|1 1 2 4 9 20 48 115 806(775) 12341 —21%-7 
775 
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I have had occasion, for another purpose, to consider the 
question of finding the number of trees with a given number of 
free branches, bifurcations at least. Thus, Fig. 
when the number of free branches is three, 
the trees of the form in question are those 
in the annexed figure, and the number is 
therefore two. It is not difficult to see 


that we have in this case (B, being the 
number of such trees with 7 free branches), 


(L—2)7*(1—a*)- (1 —28)-\(1—at)™*,, 
=14 7+2B ox? + 2B,2° + 2B,0*+ &e, 
And a like process of development gives— 


= paeaal lbad 2 5 12 33 90 


ia r= 2 3 A 5 6 Th 


T may mention, in conclusion, that I was led to the consider- 
ation of the foregoing theory of trees by Professor Sylvester’s 
researches on the change of the independent variables in the dif- 
ferential calculus, 


2 Stone Buildings. 
January 2, 1856. 


XXIX. Remarks on a passage in the President’s Address delivered 
at the Anniversary Meeting of the Geological Society of London 
on the 15th of February, 1856. By the Rey. Prof. Sepewicx, 
M.A, F.R.S. &€c. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 


ip be remarks which follow might be thought unworthy of 
publication were they not written in defence of a paper 
which appeared in your Journal for October and November 
1854. Mr. Hamilton, in his Anniversary Address, has attacked 
the conclusions I vindicated in that paper. As, however, he 
appears neither to have learnt, by a study in the field, what 
are the great successive physical groups in the older divisions 
of British paleozoic rocks, nor to have more than a partial 
and one-sided knowledge of their history, I should not perhaps 
have been called upon to notice his statements, so far as they are 
purely geological, either in the way of praise or blame. But he 
has at the same time charged me with having irregularly gained 
possession of that which was the property of the Geological 
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Society, and “with having [in your Journal for October and 
November 1854] published what I must have known that I had 
no right to publish.” These are grave charges, and in my in- 
terpretation of them, they involve nothing less than a severe 
censure on my moral character. For unfair dealing is on all 
occasions mean and disgraceful; and never more disgraceful 
than when it is done against the known regulations of a public 
body. 

There is not perhaps a single geologist of much note in Europe 
or Americawho has not read Mr. Hamilton’s Anniversary Address ; 
and if there be charges in it which I think unjust and injurious 
to myself, [am bound to meet them by a public counter statement. 
It may indeed appear strange that my defence, so far as it is per- 
sonal, has been so long delayed; but the delay may be readily ex- 
plained. It was near the end of the month of April that I first 
had a hint (from my friend Dr. Fitton) of certain charges that had 
been brought against me by Mr. Hamilton; but it was not till 
several months afterwards that I obtained a copy of his Anni- 
versary Address. When I received it I was away from the Uni- 
versity, and without access to a single memorandum that might 
help to bring before my memory the facts which led to the pub- 
lication of my paper in your Journal ; and the meetings of the Geo- 
logical Society had been closed for the summer recess. I was on 
both accounts literally compelled to postpone my defence ; but I 
resolved to make it, if possible, at the first autumnal meeting 
after the Society was re-assembled. 

In the latter part of the month of October I returned to Cam- 
bridge, and soon afterwards I had a short correspondence with 
Mr. Hamilton and Mr. T. R. Jones, which enabled me to correct 
some mistakes into which I had fallen in the first sketch of my 
defence; but on the 10th of November I sent my letter of vin- 
dication, addressed to the President and Council of the Geological 
Society, with a request “that as a matter of common justice it 
might be read at one of their early meetings.” <A very few days 
afterwards commenced what I perhaps might call a second cor- 
respondence between Mr. Hamilton and myself, which ended b 
a proposition on his part (dated November 20), that I should 
withdraw my letter to the Council, on the condition that he 
should make a public statement to the effect “that he willingly 
acquitted me of any intention of infringing the rules of the 
Society,” and “that he regretted the statement he had made 
under a wrong view of my motives.” I readily accepted this 
condition, and with the consent of the President my letter to the 
Council was withdrawn. 

After waiting with no small anxiety for the public explanation 
which might help to set me right with the Geological Society, I 
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wrote more than once, both to Mr. Hamilton and to Mr. T. R. 
Jones, that. I might know whether any explanation had been 
offered ; and at length I was informed (in a letter from Mr, Ha- 
milton, dated December 27) “that on the 7th of January a 
statement would be made by himself before the Geological Society 
entirely exonerating me from all charge of wilful disobedience to 
their laws and customs*.”’ 

While accepting Mr. Hamilton’s condition, I distinctly re- 
served to myself the full liberty of publishing any further vin- 
dication of myself, or of my previous memoirs, which I might 
think right or expedient, My leading object, in what is above 
stated, has been to prove that I have neither shown a disgraceful 
indifference to a charge so publicly brought against me, nor have 
made any needless delay in defending myself from what I thought 
its injustice. 

I haye the honour to be, Gentlemen, 
Your faithful Servant, 

Norwich, January 9, 1857, Apam SEDGWICK. 


The passage in the Anniversary Address upon which I wish 
to comment is word for word as follows :—“I must also cor- 
rect Prof. Sedgwick’s memory when he says that the Council 
refused to publish his next paper in 1853, It is true he makes 
no complaint. He admits that part of it was in a controversial 
form. But I must remind Prof. Sedgwick that it was only the 
conclusion, viz. the controversial portion, which the Council 
objected to publish ; the body of the paper would have been duly 
printed ; and when I wrote to inform him of this decision, and 
to request his sanction to the suppression of the latter portion, 
the reply which I received was to the effect thet he could give 
no answer until he had seen the paper again, and judged of the 
effect of the intended omission. I directed the paper to be for- 
warded to him, and after waiting many months for a reply, the 
only intimation I received of his intention was finding it printed 
in another journal. Such a proceeding was in the highest degree 
irregular. The paper was the property of the Society, and 
Professor Sedgwick, an old President of the Society, must have 
known that he had no right to make such use of it without 
having first obtained the sanction of the Council to its with- 
drawal.” . 

Reply to the above Extract. 


In the first sentence of this extract the author blunders in 
the date; and I only pause to remark, that to stumble on the 


* Since this letter to the Editors was written, I have learnt that Mr. Ha- 


milton’s statement was duly made, and so far I am grateful to him for it. 
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threshold was thought in old times to be an evil omen. When, 
in the same sentence, he professes to correct my memory, he has 
perhaps shown some lack of memory himself; for I did not simply 
state (in my letter to the Editorsof the Philosophical Magazine and 
Journal, August 20, 1854) “that the Council refused to publish 
my paper ;” I expressly added the facts, of which he generously 
reminds me (as if I had studiously kept them back or forgotten 
them): viz, “that the Council were willing to print my paper 
after suppressing the discussion on classification and nomencla- 
ture.” Was I called upon (in the letter just quoted) to make any 
allusion to Mr. Hamilton’s mistakes in the previous month of 
May, or to the correspondence that had arisen out of them? I 
think the very contrary ; and that I should haye done much 
wrong had I entered upon the facts of the case more fully than 
was done in my letter of August 1854. 

To the facts given in the latter portion of the previous extract 
I haye nothing to oppose, and I only wish to deal with the con- 
clusions that are drawn from them, At the time my paper was 
sent to the Editors of this Journal (August 20, 1854), I did not 
believe that any part of it had been read in extenso before the 
Geological Society ; I did not believe that it had been accepted 
by the Council in its integrity ; neither did I believe that it 
had been publicly discussed or submitted to a Referee, To have 
stated all this in my introductory letter would have been, I 
thought, disrespectful to the Geological Society ; and the Editors 
will not, I trust, blame me for the omission, That I made some 
mistakes respecting the acceptance of my paper by the Council 
of the Geological Society, I now fully admit. But who led me 
into these mistakes? Mr. Hamilton himself, as I am prepared 
to prove by a bare enumeration of facts. 

Early in October 1853 I drew up the paper above mentioned, 
and when it was finished, I wrote to the Secretary of the Geolo- 
gical Society, stating my earnest wish that it might be read at 
their first autumnal meeting*. Soon afterwards, I was informed 
by Prof. E. Forbes, that (for reasons fully stated in his reply) my 
wishes could not then be complied with. This was a great dis- 
appointment to me: and before the expiration of the laborious 
work of the Michaelmas term I was attacked by a lingering 
illness, which made it impossible for me to attend any meeting 
of the Society during the following winter and spring. 

Early in March 1854 I, however, revised several sheets of my 
paper; and on the 12th of March they were forwarded to the 
Secretary of the Geological Society, along with a note in which 
I stated that the sequel of the manuscript would follow in a few 


* It was the only meeting during the Michaelmas term of 1854 that I 
could attend compatibly with my engagements at Cambridge. 
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days. But the languor of ill-health so much retarded the simple 
task of revision (undertaken in the hope of making a very ill- 
written MS. legible in my absence), that the concluding sheets 
of my paper were not received by the Secretary before the 27th 
of March. It was finally brought before the Society on the 3rd 
of May, while I was in residence at Norwich, and incapable of 
leaving it for so much as a single day. I make no complaint on 
account of this long delay. Nay, I am willing to believe that the 
delay was meant in courtesy to myself, and that the President 
waited in the hope that I might at length be enabled to attend 
the meeting when my paper was to be read. 

Very soon after the 3rd of May I had a letter from Mr. Ha- 
milton, informing me that my first paper had been laid before 
the Society, but that my second paper had not been read, and 
could not be published in the Journal. It appeared to me at 
the time (and I think quite naturally), that in this letter there 
was an insinuation of something very like unfair dealing on my 
part: viz. that while professing to send a paper which I had 
offered to the Society for their first meeting in November 1853, 
I had virtually changed its character by tacking to it a large and 
unacknowledged addition. Under this impression I sent an 
angry reply to Mr. Hamilton’s letter; and in his rejoinder he 
made an ample and courteous apology for “his mistake,”—stating 
among other matters that he had been misled by the word sequel 
in one of my former notes, which was addressed (as before 
stated) to the Secretary of the Geological Society. He may also, 
I think, have been misled by the interval of fifteen days which 
elapsed between the reception of the earlier and latter portion of 
my MS. During those days I was, however, in a condition 
which left me neither the will nor the power to add much matter 
to my paper; and as a simple fact, it was sent (with the excep- 
tion of such verbal corrections as every author is allowed to make 
during the revision of his MS.), word for word, as I had first 
drawn it up for the Society in October 1853. 

What took place after Mr. Hamilton’s rejoinder requires no 
long comment. In neither of his letters written after the 3rd of 
May, was there the least hint that any part of my paper had passed 
through the usual form of reference; nor was it possible for 
me to conclude that the whole of it had been accepted by the 
Council. How was I to believe that he could ever think of con- 
cealing from the Council the fact that I had sent them two papers 
instead of one; or, perhaps more correctly, that L had so doctored 
my old paper (to borrow a graphic expression from Mr. Babbage) 
as to deprive it of its identity? In the four pages making the con- 
clusion of my paper, I knew that there was matter to which the 
Council might perhaps object; and when they had learnt 
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(through Mr. Hamilton’s mistake) that not only the conclusion, 
but also the corrected and detailed tabular view (now filling eight 
pages of the Philosophical Magazine), had been surreptitiously 
tacked by me to an old paper, I became morally certain that 
(while they were under that mistaken belief) all the concluding 
portions of it must have been deservedly, and perhaps contempt- 
uously, rejected by them. Whether right or wrong, this was 
exactly my conviction and full belief when my paper was sent (in 
August 1854) to the Editors of the Philosophical Magazine. 

I do not therefore base my vindication from the charges brought 
against me in the previous ewtract, by the admission of any blunder 
or oversight on my own part for which I was responsible. I make 
no apology to the Society beyond a plain enumeration of dates 
which I have derived from the kindness of their Assistant Secre- 
tary, and of facts which are not denied by Mr. Hamilton. Ifa 
mistake was committed, I still hold myself clear of all reasonable 
blame for it. The mistake wasnot mine. It was impossible for 
me (on Mr. Hamilton’s own showing) to believe that my paper 
had been accepted in its integrity by the Council, and under such 
erroneous acceptance it never could become their literary pro- 
perty: for I utterly repudiate the notion that any Society has a 
right of property in a paper submitted to them, unless it has 
been first accepted in its integrity. 

Why was I not informed by the Council (during the five weeks 
my paper remained in their hands before it was read) that I had 
sent them two papers instead of one, and that my latter paper 
could not be accepted or laid before the Society? I could then 
have set them right on a point of fact; or I could have sup- 
pressed the conclusion, which fills but four pages in its printed 
form ; or, if I thought it better, I could have asked them to return 
my paper before they had technically deprived me of any part of 
the rights of authorship. Mr. Hamilton has stated the facts 
incorrectly when he asserts that it was only the “ concluston, viz. 
the controversial portion, which the Society objected to publish.” 
The Tabular View was not a mere reprint of anything I had 
before published. It was both an expansion and correction of 
my former views: its compilation cost me more thought than 
any other part of my paper, and without it the previous sections 
would have had little or no value. To call the dry Tabular View 
controversial would be, I think, downright nonsense. If it had 
been rejected because it reached the Secretary in my second 
parcel, I could then account for its rejection arising out of Mr. 
familton’s unfortunate and acknowledged mistakes. But I will 
no longer dwell upon my defence. What I have written must, 
I think, with any man of common sense, put my conduct towards 


182 | Remarks on Mr. Hamilton’s Anniversary Address. 


the Society in a very different light from that in which it appears 
in the extract from the Anniversary Address. 

In concluding my comment on this extract, I have to apolo- 
gise for one great mistake of omission, for which I hereby express 
my sincere regret.—I ought to have thanked Mr. Hamilton for 
his ample and courteous apology, made after he had discovered 
his mistake about the integrity of my paper. Not that I then 
grudged the grateful words of courtesy ; for I have ever regarded 
him as a well-informed, honourable, and truth-loving man ; and 
spite of my plain and homely words, he will not, I trust, think 
me guilty of any personal disrespect towards him. If I differ from 
a truth-loving man on questions of fact or opinion, the greatest 
respect I can pay him is to tell him plainly what are the points 
on which we differ. My apology for the fault of omission is, 
that I was suffering during the whole month of May 1854 from 
the lassitude of long-continued ill-health. I had been worried by 
what I thought a very perverse misinterpretation of my conduct ; 
writing was hateful to me; and when my paper came back I 
threw it on one side, after just turning over its pages, and then 
dismissed the subject from my thoughts. 

Except as a bar against some future charge of doctoring, I do 
not believe that it would again have seen the light, especially as I 
had before me the materials for a second paper on the Palzozoie 
System of England*; and I declare, in all sincerity and without 
reserve, that after the paper (which was read on the 3rd of May) 
was returned to me by Mr. Hamilton, I regarded it as my un- 
doubted property; and it never crossed my thoughts that any 
member of the Council (however stern a vindicator of the rights 
of the Geological Society), and least of all that Mr. Hamilton, 
could ever dream of censuring me for publishing my paper, 
should I afterwards think fit to do so. The reader may perhaps 
think that I have dwelt upon the previous question at too much 
length, To him it may be a matter of small moment; but to 
me it is of deep personal interest, for it involves the question of 
my fair and honest dealing with a public body. 


* I may remark, that when the substance of the second paper (here 
alluded to) was read before the British Association in 1854, the charge of 
previous doctoring was insinuated against me somewhat uncourteously. If 
my second paper, drawn up in 1854 (and published in the December Number 
of the Philosophical Magazine), was any improvement upon the previous 
paper (drawn up in 1853), the improvement was due exclusively to my own 
renewed field work. Not an atom of it was borrowed from any of my oppo- 
nents. The chief advantage I gained in the summer of 1854 was the clear- 
ing away (by my own field work along with Prof. M‘Coy) what I thought 
the misinterpretation of certain sections in South Wales which had been 
made by my opponents. 


—_ 
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[Continued from p. 125.] 


Pe aN LNT has succeeded in producing cinnamic acid 
artificially. He was led by the consideration that cinnamic 
acid decomposes into benzoic and acetic acids, to the idea that the 
atomic groups contained in those acids entered into its constitu- 
tion. It might be a copulated compound of common aldehyde 
with benzoic acid, or of benzoic aldehyde with acetic acid. The 
latter appeared the most probable, since benzoic aldehyde is pro- 
duced by the oxidation of cinnamicacid. Bertagnini accordingly 
mixed equivalents of chloride of acetyle with pure oil of bitter 
almonds, and heated them in a closed tube to a temperature of 
120°-130° for twenty to twenty-five hours. At ‘the expiration 
of that time the liquid in the tube had become brown and viscous, 
and on the sides were deposited crystals. On opening the tube 
a large quantity of hydrochloric acid was given off, and the mass 
became quite tough. On heating this mass with boiling water 
and filtering, white lustrous needles were obtained which had all 
the properties of cinnamic acid. An analysis of the silver salt 
gave numbers quite coincident with those required by the theory. 
The formation of cinnamic acid is thus expressed :— 

C4 HSO?. + C4H3C102 = C!8H80O* + HCl. 
Oil of bitter almonds. Chloride of acetyle. | Cinnamic acid. 

Goessmann described, some time ago, a general method for 
the formation of bases by distilling at high temperatures the 
compounds of certain aldehydes and bisulphite of ammonia along 
with hydrate of lime. From common aldehyde he obtained 
ethylamine; and froti benzoic aldehyde, lophine and amarine. 
He has now+ investigated cirmamic aldehyde in this direction, 
and has obtained from it a new base which hé names triphenyl- 
amine, It is not easy to be obtained pure, from the difficulty of 
getting the compound of cinnamic aldehyde with bisulphite of 
ammonia pure, and ftom the ready decomposability of the base. 
When pure it is oleaginous and colourless, but readily changes 
into red. It is easily soluble in alcohol and in ether, but more 
difficultly so im water. It has the formula 0° HN. 

Its salts are readily changeable, and difficult to crystallize. 
The hydrochlorate forms lustrous plates with a somewhat reddish 
tint; with bichloride of platinum it forms a compound of the 
formula 0% H'® NCl,+PtCl?. The base also forms with bi- 
chloride of platinum a compound, C* H! N, Pt Cl’. The base 


* Il Nuovo Cimento, vol. iv. p. 46. Liebig’s Annalen, October 1856. 
+ Liebig’s Annalen, October 1856. 
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unites directly with chloride cf mercury and with nitrate of silver, 
to form compounds which decompose on recrystallization. 

By treating the base with iodide of zthyle in the usual man- 
ner a substitution base is obtained, which is oleaginous, soluble 
in alcohol, difficultly so in water, and dissolves oxide of silver. 
It forms with bichloride of platinum a crystalline double salt, 
having the formula C4? H?°N Cl, Pt Cl*?.. The formula of the 


base is C% Coil N, and is derived from triphenylamine by the 


substitution of zthyle for hydrogen. Triphenylamine must be 
considered as an ammonia in which 3 equivs. of hydrogen are 


Cl2 He 
replaced by 3 equivs. of phenyle, C1? H®, C'? H® +N: it belongs 
C2 He 
to the class of nitrile bases, and the substitution base is hence: 
C}2 H® 
C2 HS 
ce Hs (N- 
C4 He 


A new acid, terebenthilic acid, has been described by M. Per- 
sonne*, It is obtained by passing the vapour of terpine (the 
hydrate of oil of turpentine), C#° H!®, 4110, over soda-lime heated 
to about 400 degrees, and treating the product with hydro- 
chloric acid. 

The acid, when pure, is a white solid, which melts at 190°, 
and yolatilizes at 250° in small plates. It crystallizes from 
hot water in the form of a white powder composed of small 
crystalline needles: it forms, with silver and lime, crystalline 
salts. Its composition is C!® H!° 04, and it stands thus between 
caprylic acid, C!® H!® O4, and toluylic acid, C'® H O*. It forms 
an aromatic ether having a pine-apple flavour. 

Its production is attended with the evolution of marsh gas and 
hydrogen, and may be thus expressed :— 

C20 H204 = ClHOOt + CH?+H?2. 
Terpine. Terebenthilic acid. Marsh gas. 

By the action of caustic alkali on castor oil, or on ricinoleie 
acid, an oily liquid is produced which was generally admitted to 
be caprylic alcohol, C1®H!®O?, until Limpricht proved that 
caprylic aldehyde, C!® H'® O?, was formed under these cireum- 
stances. It has now been shown by Bouis* that the product 
varies with the circumstances under which it is produced. If 
ricinoleic acid be heated rapidly with excess of caustic potash so 
that the alkali melts, hydrogen is evolved, caprylic alcohol nearly 


* Comptes Rendus, September 8, 1856. 
+ Annales de Chimie et de Physique, September 1856. 
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pure is produced, and the residue contains sebate of potash. 
Thus 

C* 0% + 2KO HO=C” H!* Of, 2KO + C'S H!8 02+ 2H. 
Ricinoleic acid. Sebate of potash. Caprylic alcohol. 

But if the operation be effected at a low temperature, there is 
produced a mixture of caprylic aldehyde and caprylic acid; and 
the residue contains a new acid, differing from sebacic acid. 

This acid is also produced along with caprylic aldehyde in the 
dry distillation of the salts of ricinoleic acid,— 

CHH#OF = CHHMO? + COVES, 
Ricinoleic acid. | Caprylic aldehyde. New acid. 

- Caprylic aldehyde is a colourless, very refrangible body, which 
is lighter than water, and boils at 171 degrees. It reduces am- 
moniacal nitrate of silver, when heated absorbs oxygen with great 
rapidity, and combines with alkaline bisulphites. Treated with 
nitric acid it yields the same products as caprylic alcohol, and is 
converted by potash into a brown viscous matter which is not 
volatile. 


Goessmann and Scheven found in the earth-nut oil a new 
member of the oleic acid series, to which they gave the name 
hypogzic acid. This has now been subjected to a further in- 
vestigation by Goessmann and Caldwell*, who have confirmed 
its parallelism with oleic acid. It yields the same products of 
destructive distillation as oleic acid, and like that acid is con- 
verted by the action of nitrous acid into a new acid isomeric with 
itself. This they name gaidic acid. When pure it is colourless, 
inodorous and crystalline ; melts at 38° C., solidifies to a radia- 
ting crystalline mass, and volatilizes unchanged at higher tem- 
peratures. Unlike the acid from which it is derived, it is not 
acted upon by the atmosphere at ordinary temperatures. The 
ether of the new acid crystallizes from alcohol at low tempera- 
tures in a lamellar crystalline mass, which, unlike the ether of 
hypogeeic acid, is volatile without decomposition. 


Gericke + has investigated sulphobenzole, the product obtained 
by Mitscherlich from the action of anhydrous sulphuric acid on 
benzole. It was regarded as a compound of the carbo-hydrogen 
phenyle, C!? H®, with sulphurous acid = (C!? H®) SO®. Gericke 
considers that its formula must be doubled, and must be thus 

. C}? H® SO? | 
written, C2 Hs S02 fp Gerhardt held that it had the formula 
C}? H® §? 04 . 1 il age 
Gl2 HS } , which would be hydrogen ie in which one 

* Liebig’s Annalen, September 1856. 
+ Ibid, June and November 1856. 
Phil. Mag. 8, 4. Vol, 13, No. 85, Mereh 1857, 10] 
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equivalent of H is replaced by sulphophenyle and the other by 
phenyle; and if so, it ought to split up by the action of potash 
into sulphophenylate of potash and benzole, 

12 F]5 §2 04 ; 
re \+Ko HO=C"2H5 $208, KO+0" HS; 
but it undergoes not the slightest change on being heated with 
concentrated potash. But by the action of sulphuric acid it is 

converted into sulphophenylic acid, 
C74 H!0 S O*+ S2 H? 0? = 2(C” Hé S? akg 3 
Sulphobenzole. Sulphophenylic acid. 
When sulphobenzole is heated some time with fuming nitric 
acid, water precipitates from the solution a yellow product, which 
by treatment with hot alcohol furnishes nitro- and binitro- 


sulphobenzole. 


C!? Ht (NO4) SO? 


Nitrosulphobenzole, cus y45 , is readily soluble in 


hot alcohol, from which it separates on cooling as a heavy, yel- 
low, soft mass. It can be obtained in small indistinct crystals. 
By the action of sulphide of ammonium it is converted into an 

idogulphabensole,. Gis te Clee) 222 +. qrhioh cometseabant 
amidosulphobenzole, (2 yy5 soz > Which consists o 
microscopic rectangular prisms soluble in hot water and alcohol. 
This forms with hydrochloric acid a compound, 

C!? H* (NH?) SO? 
O!2 Hp ree So: t HCl, 
erystallizing in large rectangular prisms, which unites with 
bichloride of platinum to form a compound, 
C}? H+ (NH?) SO? , 
el so? PHO! Pt Cl, 
12 4 (NO*) SO2 

Binitrosulphobenzole, fe a INOS So: , is best obtained by 
acting on sulphobenzole with a mixture of sulphuric and nitric 
acids. Recrystallized from alcohol, it presents the form of silky, 
microscopic, rhombic plates, which melt at 164°, and sublime 
unchanged at 320°. By the action of sulphide of ammonium 

1 joe C1? H4(N H?)SO? 
thisisconverted into binamidosulphobenzole, ce H4(NH2)SO2 f? 
a base crystallizing from alcohol in small rectangular prisms. 
With hydrochloric acid it forms a erystalline compound, 


C!2 H4 (NH?) SQ? 
Gis He NHN gO? ¢2HO) 


with which bichloride of platinum unites to form a compound, 
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12 FY4 2) SQ2 
ies oy (NHS fe 2HCl, Pt Cl?. These bases give, when acted 
on by iodide of ethyle, unerystallizable bodies. 

By the action of chlorine on sulphobenzole a neutral compound 
; : ’ Cl? H* Cl SO? 
is obtained, bichloride of sulphobenzole, C2 H4C]SO2 2HCl,. 
an oily liquid heavier than water, soluble in alcohol and ether. 
Tt distils at 150°, but when rapidly heated decomposes into bi- 

C!? H* Cl SO? BY 
chlorinated sulphobenzole, C2 H4C] so? } a body crystallizing 
from alcohol in microscopic acicular crystals. 

Gericke prepared the lead, copper, barium, zinc, calcium, and 
sodium salts of sulphophenylic acid, which is obtained as a col- 
lateral product in the preparation of sulphobenzole. They are all 
soluble and crystalline. By acting upon the sulphophenylate of 
silver with iodide of zthyle, he obtained sulphophenylic zther. 


By the action of nascent hydrogen on bisulphide of carbon, 
M. Girard* has obtained a new compound. To pure bisulphide 
of carbon a considerable quantity of granulated zinc is added, 
and then dilute hydrochloric acid. An action commences im- 
- mediately, which must not be allowed to become too violent; 
sulphuretted hydrogen and the vapour of bisulphide of carbon 
are given off. At the expiration of a week the action is com- 
plete; the mixture is distilled, and there is left a milky residue 
on which swims an oil not volatile at 100 degrees. By treating 
this oil with ether, a substance crystallizing in magnificent 
needles is obtained. It gave on analysis numbers corresponding 
to the formula CHS, and its formation may be thus expressed :— 


nCS$?+ 2nH =nCHS + 2nHS8. 


This substance is soluble in many media ; it volatilizes at 150° C. 
It is neutral. The strong mineral alkalies exercise no character- 
istic action, ammonia is inert. It is decomposed by strong nitric 
and sulphuric acids. It forms with nitrate of silver a compound 
crystallizing in large white crystals ; and with bichloride of pla- 
tinum and chloride of mercury it also forms compounds, 


For the preparation of the chlorides and bromides of the 
organic acids, M. Bechamp + avails himself of the action of the 
terchloride, or terbromide of phosphorus, on the corresponding 
monohydrated acid, The terchloride acts upon a monohydrated 
acid as it would upon a mixture of anhydrous acid and water, 
and upon the ther of the acid in a corresponding manner. 
If R is the oxygenized radical of a monobasic anhydrous acid, 


* Comptes Rendus, August 1856, + Ibid, February 4, 1856, 
02 
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and if RO is the general formula of the corresponding anhydrous 
organic acid, the reaction will be thus expressed :— 


2RO HO+PCB=ClIH + PO, HO+2RC1. 


The preparation by this process, using quantities required by 
equation, is effected with as much ease as the preparation of nitric 
acid, and the product obtained corresponds very closely with the 
theoretical requirements. 


M. Boullet* has found that several nitro-acids analogous with 
nitrobenzoic acid are reduced to the corresponding amido-acids 
by the action of acetate of iron; and that acetate of iron acts 
upon the ethers of the nitro-acids and produces the ethers of 
the corresponding amido-acids. 


M. Piriat+ has given a general method for the transformation 
of some acids into the corresponding aldehydes. If the compo- 
sition of benzoate and of formiate of lime be represented by the 
formulas 

C? 08 (C!? H®) CaO 

C7 OP eH) ac, 
it is evident that it is sufficient that the group C? 0% (C!? HP) 
exchange 1 equiv. of oxygen for 1 equiv. of hydrogen of the 
group C? 03(H), in order that the first be transformed into hy- 
dride of benzoyle, C* O? (C!* H®)H, and the second into carbonic 
acid. And, in fact, by distillmg together an intimate mixture 
of formiate and benzoate of lime, this decomposition takes place 
and oil of bitter almonds is produced. Piria has also produced 
in this way the hydrides of cimnamyle and of anisyle from their 
corresponding acids. 

This method is the same as that proposed by Limprichtt. It 
appears that it was communicated to Liebig’s Annalen in 1855, 
but that by an oversight its publication was delayed. 


By the dry distillation of camphorate of lime, M. Lies Bodart 
obtained in 1849, in conjunction with Gerhardt, an oil to which 
the name phorone was given. It is camphoric acid, minus car- 
bonic acid, 

CH 0%, 2Ca0=C!* H™ 0? + 2(CaO CO). 
Camphorate of ime. Phorone. Carbonate of lime. 

By distilling grape-sugar with lime, M. Bodart § has found that 

this substance is producedalong with Fremy’s metacetone, C®H°O, 


* Comptes Rendus, August 18, 1856. 

+ Il Nuovo Cimento, vol. iii. p. 126, Liebig’s Annalen, October 1856, 
t Phil. Mag. July 1856, p. 57. 

§ Comptes Rendus, August 18, 1856. 
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The formation of phorone takes place according to the equation 
C*4 H* O*%=C!8 H!4 0? + 6CO?+ 10HO. 
Grape-sugar. | Phorone. 

By treating phorone with pentachloride of phosphorus, the chlo- 
ride of phoryle, C!® H!8Cl,is formed; it is an oil lighter than water, 
boiling at 175°. By distillmg phorone with anhydrous phos- 
phorie acid, there passes over a limpid, highly refracting oil, of 
an agreeable odour, and boiling at 150°—160°. This is pro- 
bably cumole, C!® H??, or a substance isomeric with it. 

M. Bodart suggests that the formula of Fremy’s metacetone 
should be C18 H!® 0% instead of C°H°®O. Its formation from 
grape-sugar would then be thus expressed :— 

C* H* 0*#4= C's H 03+ 6CO?+4 9HO. 
Grape-sugar. Metacetone. 

In support of this view, M. Bodart found that by distilling 
this metacetone with anhydrous phosphoric acid, phorone is 
produced, 

C8 H 03 + PO'=C'* H"* 0? + PO* HO. 
Metacetone. Phorone. 

From its reactions, phorone must be considered as an alcohol 
to which cumole stands in the same relation as olefiant gas does 
to common alcohol. The transformation of phorone into cumole 
connects sugar with the cuminic acid series, and consequently 


with the benzoic acid series, for cumole has been converted into 
benzoic acid by Abel. 


The same chemist* has investigated the action of pentachlo- 
ride of phosphorus on some fixed acids, which give rise to pyro- 
genous acids. With mucic acid he obtained a chlorinated acid. 
With pyromucic acid, he found that the action was the same as 
with monobasic acids in general. Chloride of pyromucyle is 
formed, a very highly refracting liquid boiling at 170° C., of a 
similar odour to chloride of benzoyle, and which strongly excites 
tears. 

CloH40s + PCE = PO?Ch +HCl+C?H?C10+. 
Pyromucic acid. Oxychloride of Chloride of 

phosphorus. pyromucyle. 

Chloride of ‘pyromucyle gives with water, pyromucic acid ; 
and with ammonia, pyromucamide, 

CHS ClO? + NH? = HCl + CHP NOs 
Chloride of pyromucyle. Pyromucamide. 

With malic acid Bodart obtained an acid not containing chlo- 

rine, and which appeared to be maleic or fumaric acid. 


* Comptes Rendus, Au mst 18, 1856. 


f 190 J 


XXXI. On the Problem of the In-and-circumseribed Triangle. 
By the Rev. Groner Satmon, Trinity College, Dublin*. 


A bie following was suggested by Mr. Cayley’s paper in the 
January Number of the Philosophical Magazine, which I 
have just met with. ; 

Let it be required to find the envelope of the third side of a 
triangle inscribed in a conic U, and two of whose sides touch a 
conic V. 

Let the condition that XU+V should represent two right 
lines be 

Vr3 + @n2+ 024+ V'=0; 
then since the value of 2X plainly cannot depend on the particular 
axes to which the equations are referred, it follows, that, no mat- 
ter how the equations are transformed, the ratios of the coeffi- 
cients of the powers of X in the equation just written remain 
unaltered. 

Let now the sides of the triangle in any position be 2, y, 2, 
then the equations of the conics admit of being transformed into 

U=2ay +2yz + 2az=0, 

V = Pa? + my? + n22*— Qhnay — 2mnyz—2nlzw~—2RAay=0; 
and it is plain that the equation 

AU+V=0 
represents a conic touched by the third side z. 
But in this case we find, if /+-m-+n=p, lmn=r, 
V=2, O=—p*—2A, ©’ =2(2r+An), V'=—(2r+An)’, 
whence 
4Qy'— ©”? =8A(2r+An)?; 
and the equation AU+ V=O may be written 
{40 V'—O”?}U—4vv'V=0. 

The coefficients in this equation being invariants, it follows 
that the conic which we have proved is touched by the third side 
is a fixed conic. 

We can in like manner find the locus of the vertex of a tri- 
angle circumscribed about V, and two of whose vertices move 
along U. In this case the equations may be transformed into 


U=2ay + 2yz+ 22x + Az*, 
Vas PPa? + my? + 0722? — 2lmay — 2mnyz—2nlzx, 
and we have 
V=2-—A, O=—p*+2lmA, ©'=4yr, Vv! = 42. 
* Communicated by the Author. 
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Again, let F=0 be the equation of the covariant conic which 
passes through the points of contact of common tangents to U 
and V (see my ‘ Conics,’ pp. 268, 288), then the coefficient of 2 
in its equation will be 

—47n(1—A). 
. Hence it can be seen that the coefficient of z* vanishes identically 
in the equation 
16V"VU—4{40 V'— O” }V'F + {40 V'— ©” }°V=0, 
which is therefore the equation of the locus required. Its form 
shows that it represents a conic touching the four tangents com- 
mon to U and V. 

If 40 y'—©'?=0, the envelope reduces to V, and the locus 
to U, in conformity to Mr. Cayley’s theorem. It does not seem 
impracticable to obtain the equation of the locus by the same 
method when the two sides touch different conics. 

Trinity College, Dublin, 
February 16, 1857. 


XXXII. On certain Double Compounds of Ammonia and Chromium. 
By Cuares W. Vincent, Assist. Lib. Royal Institution*. 


8 es solubility of freshly precipitated hydrate of sesquioxide 
of chromium in ammonia has long been known. In en- 
deavouring to discover the amount of this solubility and the 
circumstances which modify it, I met with many difficulties. 
Operating with solutions of sesquioxide of chromium, obtained 
by deoxidizing bichromate of potassa by treatment with alcohol, 
on addition of ammonia I obtained results which did not at all 
coincide with one another; in some cases the precipitated chromic 
oxide was readily dissolved, in others it was quite insoluble. The 
tints of the solutions, when produced, also oftentimes differed very 
much; and altogether I met with such apparently contradictory 
effects, that I was led to make the experiments which form the 
subject of the present note with a view to their reconciliation. 
In order to exclude all other compounds from taking any part 
in whatever action might occur between the chrome and ammonia, 
I prepared a precipitate of the green hydrate of chromic oxide 
from a solution of the sesquichloride of chromium, washed this 
thoroughly with distilled water, digested it for half an hour with 
concentrated ammonia, and then filtered it. The ammonia passed 
through the filter perfectly clear and colourless, without a trace 
of the red tint which denotes the solution of the chrome. This 
experiment I repeated many times, with every precaution, and 


* Communicated by the Author. 
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uniformly found that when a well-washed precipitate was used, 
it was perfectly insoluble in ammonia. I now passed a small 
quantity of hydrochloric acid through the filter contaming the 
sesquioxide of chromium, so as to moisten it with the acid, and 
then again submitted it to treatment with concentrated ammonia, 
heating the mixture for a few mimutes. The precipitate during 
this time changed its colour from green to a greyish-blue; and 
on filtering, I found the ammonia had acquired a distinctly red 
hue. I then added a rather larger quantity of hydrochloric acid 
to the precipitate than was sufficient for its complete solution, 
reprecipitated with ammonia, and filtered. The bulk of the pre- 
cipitate I observed to be much less, and the colour more intense 
than previously. By continuing this kind of treatment with 
hydrochloric acid and ammonia alternately, I at length reached 
a point where the ammonia no longer produced a precipitate, 
but changed the colour of the liquid from a dingy green toa 
beautiful crimson colour. When I substituted nitric or sulphuric 
acid for the hydrochloric acid in the foregoing experiment, I ob- 
tained precisely similar effects; but the respective tints of the 
solutions produced were different. 

From the behaviour of the chromic oxide in the preceding 
experiment, I was led to infer the existence of a double salt of 
ammonia and chromium in the solution, to which the colour is 
due, and not, as has been supposed, to the mere solution of the 
chromic oxide in ammonia. 

The following is a more convenient method of producing these 
compounds* :—A concentrated solution of ammonia is gently 
heated; to this a solution of the sesquichloride of chromium, 
acidulated with a small quantity of hydrochloric acid, is added 
drop by drop. A green precipitate immediately falls down, 
which on standing gradually changes to a blue, violet, and lastly 
indigo colour. On the addition of hydrochloric acid to this pre- 
cipitate, it readily dissolves, with the formation of the beautiful 
crimson colour above adverted to. 

In this last experiment I have used an acid as a direct means 
for the production of the coloured solutions. By this plan the 
colours are much more intense than when prepared by the first 
method ; in other respects, however, they are perfectly identical 
with them. It appears to me, therefore, a strong corroboration 
of the idea, that it is to the formation of a double salt that the 
colour is due. 

In an elaborate paper by Hertwig (Annalen der Pharmacie, 


* T have used the chloride of chromium and hydrochloric acid as an 
example ; but with the nitrate of chromic oxide and nitric acid, or with the 
sulphate and sulphuric acid, the same course is pursued when it is desired 
to produce the compounds corresponding to these several acids, 
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vol. xlv. p. 299), he gives a full account of the deportment of 
chromium with ammonia, and mentions the sulphuric acid com- 
pound I have above alluded to, but ascribes its production to a 
totally different cause from that which I have assigned. 

His mode of proceeding was as follows :—1. He evaporated a 
solution of chrome-alum with a small quantity of oil of vitriol to 
a small bulk, and dropped this mixture into an excess of con- 
centrated ammonia. (“By this means,” he says, “less than 0:2 
per cent. of chromic oxide remains undissolved.”) 2. He drop- 
ped a solution of chrome-alum into ammonia (producing a 
greyish-violet precipitate), and dissolved this unwashed preci- 
pitate in sulphuric acid. 

These solutions have a wine-red colour, and are the same as 
the acid and alkaline modifications I have mentioned above. 
Hertwig, however, does not recognize that the coloured solution 
of the chromic oxide by both the first and second method is owing 
to the same cause, viz. the formation of a double salt of sesqui- 
oxide of chromium and ammonia with sulphuric acid, but be- 
lieves that the first mstance is a simple case of the solution of 
the chromic oxide by the concentrated alkali. Of the second 
ease he gives no explanation. He points out also the necessity 
of a purple modification of the green hydrate of chromic oxide 
being formed previous to any solution in ammonia, but overlooks 
entirely the fact, that without the presence of an acid this modi- 
fication is never produced, and when obtained is as insoluble as 
the green variety. 

I have mentioned above that different tints are produced 
according to the acids used for the solution of the chromic 
oxide in ammonia; they are as follow :—With nitric acid, rose- 
pink; with hydrochloric acid, crimson; with sulphuric acid, a 
rich port-wine colour. 

Of the ultimate composition of these compounds I have no 
means of judging, since every attempt to obtain them in the solid 
state has hitherto failed. If exposed to the air for any length of 
time, they decompose into the nitrates and sulphates of chromic 
oxide and ammonia respectively ; the hydrochloric acid compound 
into chloride of ammonia and chloride of chromium: to a mix- 
ture of this kind the addition of ammonia and hydrochloric acid 
will restore the colour. When heated, ammonia is given off and 
a violet powder precipitated; this also is redissolved by ammonia 
with restoration of the colour. None of these compounds are 
affected by concentrated solutions of potassa or soda in the cold ; 
but when heated they are readily decomposed, and on cooling, 
the green sesquioxide of chromium is precipitated. 
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[Continued from p. 145.] 
June 12, 1856.—The Lord Wrottesley, President, in the Chair. 
ig following communications were read :— 

«On the Construction of the Imperial Standard Pound, and its 
copies of Platinum ; and on the comparison of the Imperial Standard 
Pound with the Kilogramme des Archives.” By W. H. Miller, 
M.A., F.R.S., Professor of Mineralogy in the University of Cambridge. 
—Part II. 

The Quartz Weight 
The hardness of quartz, its capability of taking a high polish, the 
absence of any hygroscopic properties, and its indestructibility at the 
ordinary temperature of the atmosphere by any chemical agent ex- 
cept hydrofluoric acid, are such valuable qualities in a substance 
used for the construction of weights, that Professor Steinheil adopted 
it as the material for a copy of the kilogramme. The only objection 
to the use of a weight made of quartz is, that on account of the 
large amount of air displaced, the barometer and thermometer must 
be observed with extreme care during its comparison with a weight 
made of any ordinary metal. The Committee commissioned Mr, 
Barrow to construct a weight of quartz sufficiently near to 7000 grs. 
to admit of readily deducing the pound from it. Its form is that of 
a cube of about 2-2 inches, having its edges and angles rounded. 
Its apparent weight in air is intermediate between that of a pound 
of platinum and a pound of brass, approaching more nearly to the 
latter than to the former. 
Six series of weighings in water gave for the absolute weights of 

water displaced by it at 18° C.— 

2639°831 

2639°809 

2639°838 

2639°825 

2639°819 

2639°814 


Mean .... 2639°823 

density quartz at 18° C. pe 

density water at 18° C. eee 
Denoting the quartz weight by Q, and the new Imperial Standard 
Pound by I, the comparisons of Q with I in air, reduced to a 
vacuum, gave 


Whence 


Grains. No. of Obs, 
Q= 1 + 2°36801l ov 40 
Q = T+ 2°36871) wii 40 
Q=I1+ 2°36817 40 
Q =14 2:°36782 40 
Q=1+2°36715 .... 40 
Mean Q =I + 2°36797 ...... 200 
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Secondary Standards. 


Thirty secondary standards, of gun-metal protected by amalgam- 
gilding, were constructed by Mr. Barrow. The densities of these 
were determined by weighing them in air and in water, and their 
absolute weights by comparison either with I or with T+ D. 


Values of the densities at the freezing-point in terms of the maxi- 
mum density of water, absolute weights in terms of I, and 
apparent weights, at Somerset House in air of the temperature 
65°66 Fahrenheit, under the pressure of 29°75 inches of mercury 
at the freezing-point of water (¢ = 18°-7 C., 6 = 755""'64), or in 
air for which 10+log A = 7:07835, in terms of the commercial 
pound W of the same density as the lost standard troy pound. 


No. Density. Absolute values. Commercial values. 


grain, grain, 
83613 I—0-00732 W-+0:01963 
83416 I—0-:03582 W—0-01135 
83046 1+0-00510 W+0:-02510 
8°3650 I+0:00425 W-+0-03154 
80612 I+0:01783 W +0-00730 
8'2878 I—0:01714 W -+0:00080 
81216 I+0-01933 W-+0-01654 
81632 I+0:'01428 W-+0:01679 
7°3761 I+011611 W-+0:00422 
10 82838 T—0-03910 W-—0:02165 
ll 8°3630 J—0:04208 W—0:01503 
12 8°3192 T—0:02060 W-+0:00115 
13 84318 I—0°03331 W+0-:00191 
14 8°3496 I—0:02844 W—0-00801 
15 83611 I—0-02022 W-+0:00667 
16 80735 I—0:02747 W—0-03640 
17a 81172 I—0:02614 W—0'02948 
176 85589 I—0:04428 W-+0°00542 
18 8°3037 I—0-00129 W-+0-01857 
19 8°3397 I—0°01473 W -+0-00950 
21 79737 I+0:03971 W+0:01777 
22 81986 I—0:01214 W—0:00523 
23 81514 1+0°01557 W-+0:01655 
24 8'1429 I—0:03932 W —0:03941 
25 81016 1+0:00180 W—0-:00354 
26 8°1522 I—0:00112 ‘W —0-00001 
27 81619 I+0:01405 W-+0-:01635 
28 8'1260 I—0:00416 W—0-00638 
29 81845 I—0:00222 W-+0:00293 
30 81529 I—0:00170 W—0-00050 


Womack whe 


“On the Determination of Unknown Functions which are involved 
under Definite Integrals.” By J. Gomes de.Souza, Professor of Ma- 
thematics in the Military Academy of Rio Janeiro. 

The author, after referring to a previous memoir on the same sub- 
ject, presented by him to the French Academy, proposes to himself 
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the problem of determining the function ¢ which (f, F being given 
functions, and the limits a, 6 of the integration being also given) 
satisfies the equation 


("re 0) $(w@+ 6) dd = Fe. 


o® 


He observes, that, unlike the methods followed in his former me- 
moir, and the solutions there employed, which are quite rigorous, 
the methods of the present memoir depend upon developments into 
series, the strictness of which has been contested by some mathema- 
ticians; but that passing over these difficulties, he has solved the 
famous problem, the solution of which has been vainly sought after 
for the last two hundred years, because on the above-mentioned 
equation depends the integration of the generally linear equation of 
any order whatever of two variables, and consequently the whole 
Integral Calculus. The solution first obtained by the author, and 
which he afterwards exhibits under a variety of different forms, is as 
follows :— 
Theorem I.—The equation being given, 


B F, (2) 

6)o 0)d0 = 4 = F(a), 

("re nero a0= FG) = Fe) 
where f(z, 8) is a given function of w and 0; F,(2) is a given func- 
tion of v such that the equation F,(7)= cannot hold good for any 
finite value of x; F\(#) a given function of x containing all the 
factors which render F(z) infinite, and the function F(x) being abso- 
lutely arbitrary; and a and ( being given constants (independent 
therefore of x and @), the expression for ¢# which satisfies the pre- 

ceding equation is 
F,(%) F(a) 
a 2 2B(a) as B(ay) 

Pe = F(a)Fy (a) ° + F(a,)F (as) Xo) + &e., 


where f,(a) is determined by 
B 
Sa) = (w—a,) PX f(w, 0) e”*a0. 


a 
©(a,) is a root of the equation 


t abe eee = 0 
iN em? F(a, 0) dd 
a 
solved relatively to m,, and @,, @,, a;, &c. are the roots of 
F(z) = 0. 


The author afterwards considers the equation 


{ * Aa, 0) (0) d0 = F(a), 


and the solution of a linear equation is at once made to depend upon 
this as follows: viz. given for the determination of the function 92 
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the equation 


F(@,0) o@) + £1) HO + ge. = Ea). 


Assume 
B 
9(e)= { A 4(6) 0, 


%, 3 bemg constants, and (8) a function of @ to be determined. It 
is always permitted to assume this equation. 
By this means, writing for shortness 


J,(@, 0) = f(a, 0) + f(z, 1) 0+ &e., 


the equation becomes 
B * 
i} e f(z, 0) )(0) dd = F(z), 
which is of the desired form. 


A solution which occurred to the author after the memoir was 
drawn up, is as follows: viz. given, as before, the equation 


("x 6) ¢(a+6) dd= F(2), 


then &(w+/ —1 being determined by the equation 
i 


B os evars 
{ fF (@V—-)) F(wy —1, 0) dd 
and putting, for abbreviation, 
—_— ——* B — —— 
ef (20 /—1) (eV =i) J e8V-) F(a, 0) d0= f(x, oY —1), 
a 


the equation 


=0,) 


eel © g##OVD Bw /—1) 
2t ) _o f(w¥ —1,0V¥—1) 
gives the solution of the problem. 

The above-mentioned formule are selected out of a great number 
of very general results contained in the memoir. 


“Letter from Dr. W. Bird Herapath to Professor Stokes, ‘On 
the Detection of Strychnine by the formation of Iodostrychnine.’ ”’ 
Bristol, June 7, 1856. 
My pear S1r,—Will you do me the favour to announce to the 
Royal Society, that I have been engaged during some time past in 
the application of my discovery of the optical properties of iodo- 
strychnine to the detection of this alkaloid in medico-legal inquiries ¢ 
I find it is perfectly possible to recognize the 10,000th part of a 
grain of strychnine in pure solutions by this method, even when 
experimenting on very minute quantities. In one experiment I took 


dw 


198 Royal Society :— 
1_th of a grain only, and having produced ten crystals of nearly 


equal size, of course each one, possessing distinct and decided optical 
properties, could not represent more than the yypoqth part of a 
grain ; in fact, it really represents much less, inasmuch as one por- 
tion of the strychnine is converted by substitution into a soluble 
hydriodate, and of course remains dissolved in the liquid. 

In order to operate in this experiment, it is merely necessary to 
use diluted spirit of wine, about in the proportions of one part of spirit 
to three of water, as the solvent medium, and to employ the smallest 
possible quantity of the tincture of iodine as the reagent, and after 
applying heat for a short time, to set in repose. On spontaneous 
evaporation or cooling, the optical crystals deposit themselves, and 
may be recognized by the polarizing microscope, according to the 
description given of this substance in a former notice to the Society 
in June last. 


I remain, &c., 
W. Brrp HERAPATH. 


‘Dynamical Illustrations of the Magnetic and the Heligoidal 
Rotatory Effects of Transparent Bodies on Polarized Light.” By 
Prof. W. Thomson, F.R.S. 

The elastic reaction of a homogeneously strained solid has a 
character essentially devoid of all heligoidal and of all dipolar asym- 
metry. Hence the rotation of the plane of polarization of light 
passing through bodies which either intrinsically possess the heligoi- 
dal property (syrup, oil of turpentine, quartz crystals, &c.), or have the 
magnetic property induced in them, must be due to elastic reactions 
dependent on the heterogeneousness of the strain through the space 
of a wave, or to some heterogeneousness of the luminous motions* 
dependent on a heterogeneousness of parts of the matter of lineal 
dimensions not infinitely small in comparison with the wave length. 
An infinitely homogeneous solid could not possess either of those 
properties if the stress at any point of it was influenced only by 
parts of the body touching it; but if the stress at one point is 
directly influenced by the strain in parts at distances from it finite 
in comparison with the wave length, the heligoidal property might 
exist, and the rotation of the plane of polarization, such as is observed 
in many liquids and in quartz crystals, could be explained as a direct 
dynamical consequence of the statical elastic reaction called into 
play by such a strain as exists in a wave of polarized light. It may, 
however, be considered more probable that the matter of transparent 
bodies is really heterogeneous from one part to another of lineal di- 
mensions not infinitely small in comparison with a wave length, than 
that it is infinitely homogeneous and has the property of exerting 
finite direct “molecular” force at distances comparable with the 
wave length: and it is certain that any spiral heterogeneousness of a 
vibrating medium must, if either right-handed or left-handed spirals 


* As would be were there different sets of vibrating particles, or were Rankine’s 
important hypothesis true, that the vibrations of luminiferous particles are directly 
affected by pressure of a surrounding medium in virtue of its inertia. 


. 
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- predominate, cause a finite rotation of the plane of polarization of all 


waves of which lengths are not infinitely great multiples of the steps 
of the structural spirals, Thus a liquid filled homogeneously with 
spiral fibres, or a solid with spiral passages through it of steps not 
less than the forty-millionth of an inch, or a crystal with a right- 
handed or a left-handed geometrical arrangement of parts of some such 
lineal dimensions as the forty-millionth of an inch, might be certainly 
expected to cause either a right-handed or a left-handed rotation of 
ordinary light (the wave length being ~+;th of an inch for homoge- 
neous yellow). 

But the magnetic influence on light discovered by Faraday depends 
on the direction of motion of moving particles, For instance, in a 
medium possessing it, particles in a straight line parallel to the lines 
of magnetic force, displaced to a helix round this line as axis, and 
then projected tangentially with such velocities as to describe circles, 
will have different velocities according as their motions are round in 
one direction (the same as the nominal direction of the galvanic cur- 
rent in the magnetizing coil), or in the contrary direction. But the 
elastic reaction of the medium must be the same for the same dis- 
placements, whatever be the velocities and directions of the particles ; 
that is to say, the forces which are balanced by centrifugal force of 
the circular motions are equal, while the luminiferous motions are 
unequal, The absolute circular motions being therefore either 
equal or such as to transmit equal centrifugal forces to the particles 
initially considered, it follows that the luminiferous motions are only 

components of the whole motion; and that a less luminiferous com- 
ponent in one direction, compounded with a motion existing in the 
medium when transmitting no light, gives an equal resultant to that 
©° a greater luminiferous motion in the contrary direction com- 
pounded with the same non-luminous motion. I think it is not only 
impossible to conceive any other than this dynamical explanation of 
the fact that circularly polarized light transmitted through’ mag- 
netized glass parallel to the lines of magnetizing force, with the same 
quality, right-handed always, or left-handed always, is propagated at 
different rates according as its course is in the direction or is contrary 
to the direction in which a north magnetic pole is drawn; but I 
believe it can be demonstrated that no other explanation of that fact 
is possible. Hence it appears that Faraday’s optical discovery 
affords a demonstration of the reality of Ampére’s explanation of the 
ultimate nature of magnetism; and gives a definition of magnetiza- 
tion in the dynamical theory of heat. The introduction of the prin- 
ciple of moments of momenta a the conservation of areas”) into 
the mechanical treatment of Mr. Rankine’s hypothesis of ‘ molecular 
vortices,” appears to indicate a line perpendicular to the plane of re- 
sultant rotatory momentum (“the invariable plane’’) of the thermal 
motions as the magnetic axis of a magnetized body, and suggests the 
resultant moment of momenta of these motions as the definite mea- 
sure of the “magnetic moment.”’ The explanation of all phenomena 
of electro-magnetic attraction or repulsion, and of electro-magnetic 
induction, is to be looked for simply in the inertia and pressure of 
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the matter of which the motions constitute heat. Whether this 
matter is or is not electricity, whether it is a continuous fluid inter- 
permeating the spaces between molecular nuclei, or is itself molecu- 
larly grouped ; or whether all matter is continuous, and molecular 
heterogeneousness consists in finite vortical or other relative motions 
of contiguous parts of a body ; it is impossible to decide, and per- 
haps in vain to speculate, in the present state of science. 

I append the solution of a dynamical problem for the sake of the 
illustrations it suggests for the two kinds of effect on the plane of 
polarization referred to above. 

Let the two ends of a cord of any length be attached to two 
points at the ends of a horizontal arm made to rotate round a ver- 
tical axis through its middle point at a constant angular velocity, 
w, and let a second cord bearing a weight be attached to the middle 
of the first cord. The two cords being each perfectly light and 
flexible, and the weight a material point, it is required to determine 
its motion when infinitely little disturbed from its position of equi- 
librium*. . 

Let 7 be the length of the second cord, and m the distance from 
the weight to the middle point of the arm bearing the first. Let « 
and y be, at any time ¢, the rectangular coordinates of the position 
of the weight, referred to the position of equilibrium O, and two ree- 
tangular lines OX, OY, revolving uniformly in a horizontal plane in 
the same direction, and with the same angular velocity as the bearing 
arm; then, if we choose OX parallel to this arm, and if the rotation 
be in the direction with OY preceding OX, we have, for the equa- 
tions of motion, 


2 
cote 20 —fa, 
da” 
Samet? =—Ly 


If for brevity we assume 
I g g =" 1 Girg\ Nea 
ay +2) n, and 7m: =r, 
we find, by the usual methods, the following solution :— 
a=A cos {[w? +n? + (A! + 477w)? ]2t+a} 
+B cos {[w?-+2?—(d'-+4n°w*)2]2¢+ B}, 


Qa? =? + (A +470")? me 2w°—?— (A! + 4n7w")* 

Qo[wP bm +(e) EE? Qu fw?paP— (Abb Anbw) aT 
where A, a, B, ( are arbitrary constants, and @ and wp are used for 
brevity to denote the arguments of the cosines appearing in the 


expression for 2. 


* By means of this arrangement, but without the rotation of the bearing arm, 
a very beautiful experiment, due to Professor Blackburn, may be made by attach- 
ing to the weight a bag of sand discharging its contents through a fine aperture, 


B siny, 
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The interpretation of this solution, when w is taken equal to the 
component of the earth’s angular velocity round a vertical at the 
locality, affords a full explanation of the curious phenomena which 
have been observed by many in failing to repeat Foucault’s admirable 
pendulum experiment. When the mode of suspension is perfect, we 
have A=0; but in many attempts to obtain Foucault’s result, there 
has been an asymmetry in the mode of attachment of the head of 
the cord or wire used, or there has been a slight lateral unsteadiness 
in the bearings of the point of suspension, which has made the 
observed motion be the same as that expressed by the preceding 
solution, where X has some small value either greater than or less 


than w, and m has the value . The only case, however, that 


need be considered as illustrative of the subject of the present com- 
munication is that in which w is very great in comparison with n. 
To obtain a form of solution readily interpreted in this case, let 


[w*?+n?+ (t+ An?w*)? |2= wtp, fw? +n?—(Ai+ Ani’)? z= w—o, 
Qu*—d?+ (A +-42u*)? : 20? —?— (A+. 470)? 
Qw[w? +2? + (A*+ An?w*)*]? aah 2w[ w+ 2? -— ( + An2u?)t]2 i. 
The preceding solution becomes 
x=Acos {(w+p)é+at+Bcos {(w—v)t+B} 
y=—Asin {(w+p)t+a}—B sin {(w—c)t+/} 
—eA sin {(w-+p)t-+a} +/B sin {(w—2)t+B}. 

To express the result in terms of coordinates &, n, with reference 
to fixed axes, instead of the revolving axes OX, OY, we may assume 
E=a# cos wot —y sin wi, n=a sin wt+y cos wi. 

Then we have 
E=A cos (pt +a)+ B cos (ot —/3) 
+ (eA sin {(o+ p)t+a} —/B sin {(w—c)¢+}) sin of 
n=—Asin (ot +a)+B sin (ot—B) 
+ (—eA sin {(w+p)é+al+/B sin {(w—o)t+B} )cos wt. 
When w is very large, e and f are both very small, and the last two 
terms of each of these equations become very small periodic terms, 
of very rapidly recurring periods, indicating a slight tremor in the 
resultant motion. Neglecting this, and taking a=0 and 6=0, as 
we may do without loss of generality, by properly choosing the axes 
of reference, and the era of reckoning for the time, we have finally, 
for an approximate solution of a suitable kind, 
~=A cos pt+ B cos of, 
n=—Asin pt+Bsin ct. 
The terms B, in this expression, represent a circular motion of 
period oF , in the positive direction (that is, from the positive axis 
co 
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of £ to the positive axis of 7), or in the same direction as that of the 
rotation w; and the terms A represent a circular motion, of period 


a in the contrary direction. Now, w being very great, p and o are 


very nearly equal to one another; but p is rather less than o, as the 
following approximate expressions derived from their exact values 
expressed above, show :— 

1 NO RN iy Me 

Bun 8w* 8wn | Bw 
Hence the form of solution simply expresses that circular vibrations 
of the pendulum in the contrary directions have slightly different 


A 2 5 
periods, the shorter, =" when the motion of the pendulum follows: 
Co 


that of the arm supporting it, and the longer, 2m when it is in the 
Pp 


contrary direction. The equivalent statement, that if the pendulum 
be simply drawn aside from its position of equilibrium, and let go 
without initial velocity, the vertical plane of its motion will rotate 


slowly at the angular rate 5 (o—p), is expressed most shortly by 
taking A=B, and reducing the preceding solution to the form 


£=2A cos at cos n't, 
n= 2A sin wt cos n't, 


where 
ai= Deeg): or, approximately nan PLAS 
2 8 wn 
and 
1 Tht 
@=—(o—p), or, approximately, a= —. 
2 8 w' 


It is a curious part of the conclusion thus expressed, that the 
faster the bearing arm is carried round, the slower does the plane of 
a simple vibration of the pendulum follow it. When the bearing 
arm is carried round infinitely fast, the plane of a vibration of the 
pendulum will remain steady, and the period will be 7; in other 
words, the motion of the pendulum will be the same as that ofa 


, or a harmonic mean be- 


simple pendulum whose length is 7 ‘ 
—+— 
em 
tween the effective lengths in the two principal planes of the actual 
pendulum. 

It is easy to prove from this, that if a long straight rod, or a 
stretched cord possessing some rigidity, unequally elastic or of 
unequal dimensions, in different transverse directions, be made to 
rotate very rapidly round its axis, and if vibrations be maintained in 
a line at right angles to it through any point, there will result, 
running along the rod or cord, waves of sensibly rectilineal trans- 
verse vibrations, in a plane which in the forward progress of the 
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wave, turns at a uniform rate in the same direction as the rotation 


of the substance ; and that if 2m be the period of rotation of the sub- 
w 


stance, and 7 and m the lengths of simple pendulums respectively 
isochronous with the vibrations of two plane waves of the same 
length, a, in the planes of maximum and of minimum elasticity of 
the substance, when destitute of rotation, the period of vibration in 
a wave of the same length in the substance when made to rotate will 
be 

20 


Txt? 
"(1+53) 
and the angle through which the plane of vibration turns, in the 
propagation through a wave length, will be 
hn 
4 nw® 
or the number of wave lengths through which the wave is propagated 
before its plane turns once round, will be 


3 


where, as before, 


=, 7 ler pe 
a= poe fede be Ca ae ned (pera eas 
af Payee) =y/o3(b-+ 


and w denotes the angular velocity with which the ina is made 
to rotate. 

If next we suppose the rod or cord to be slightly twisted about its 
axis, so that its directions of maximum and minimum elasticity shel! 
lie on two rectangular heligoidal surfaces (heligoides gauches), and 
if, while regular rectilineal vibrations are maintained at one point of 
it with a period to which the wave length corresponding is a very 
large multiple of the step of the screw, the substance be made to 
rotate so rapidly as to make the velocity of a point carried along one 
of the screw surfaces in a line parallel to the axis be equal to the 
velocity of propagation of a wave, it is clear that a series of sensibly 
plane waves will run along the rod or cord with or without rotation of 
the plane of vibration. The period of vibration of a particle will be, 
approximately, the same as before, that is, BPP ROREAE equal to 


cid Its velocity of propagation will therefore be 4 a and, if s be the 
zu of the screws, the ite nf rotation of the sbstane, to fulfil 
the stated condition, must be 2 =, or its angular velocity ” " Now 


it is easily seen that the effects of the rapid rotation, and the effects 

of the slight twist, may be considered as independently superim- 

posed ; and therefore the effect of the twist, with no rotation of the 

substance, must be to give a rotation to the plane of vibration equal 
P2 
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and contrary to that which the rotation of the substance would give 
if there were no twist. But the effect on the plane of vibration, due 
to an angular velocity w, of rotation of the substance, is, as we have 


- 8nw® Stee J 
seen, one turn in ath wave lengths; and therefore it is one turn nm 


4 73 
85 “wave lengths when the angular velocity is “The effect 
s° 8 


of a twist amounting to one turn in a length, s, a small fraction of the 
wave length, is to cause the plane of vibration of a wave to turn 
round with the forward propagation of the wave, at a certain rate, 
in the same direction as that of a point kept on one of the screw 
surfaces. 

From these illustrations it is easy to see in an infinite variety of 
ways how to make structures, homogeneous when considered on a 
large enough scale, which (1) with certain rotatory motions of com- 
ponent parts having, in portions large enough to be sensibly homo- 
geneous, resultant axes of momenta arr anged like lines of magnetic 
force, shall have the dynamical property by which the optical phe- 
nomena of transparent bodies in the magnetic field are explained ; 
(2) with spiral arrangements of component parts, having axes all 
ranged parallel to a fixed line, shall have the axial rotatory property 
corresponding to that of quartz crystal ; and (3) with spiral arrange- 
ments of component groups, having axes totally unarranged, shall 
have the isotropic rotatory property possessed by solutions of sugar 
and tartaric acid, by oil of turpentine, and many other liquids. 


“On Quantitative Measurement in Statical Electricity, and on 
some new Phenomena of Electrical Force.’ By Sir William Snow 
Harris, F.R.S. 

The author observes, that number, weight, and measure are the 
foundation of all exact science, and that, as expressed by an eminent 
and learned writer (M. Quetelet), no branch of human knowledge 
can be held as being out of its infancy which does not in some way 
or the other frame its theories or correct its practice by reference to 
those elements ; he was hence led to seek and establish such rigorous 
and exact quantitative processes in common electricity as would mea- 
sure the quantity of electricity in operation ; its attractive or repul- 
sive force under given conditions, and its dynamical or current force 
when traversing bodies under the form of electrical discharge. The 
instruments which he bas invented for this purpose have been all 
honoured by a place in the ‘ Philosophical Transactions of the Royal 
Society.’ They amount to five in number, viz. the Unit Measure, 
the Belaticé and Hydrostatic Electrometers, the Thermo-electrometer, 
and the Bifilar Balance. In referring to such of these instruments 
as are employed in the present research, the author briefly adverts 
to their general construction, including the latest and best form 
under which they have been placed. 

In the measurement of quantity, he considers the unit measure as 
heing the best and most accurate means of estimating quantity as yet 
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arrived at ; and he describes a series of crucial experiments, the object 
of which is to show that the unit_explosions are rigorously exact. If 
an electrical jar exposing about 5 square feet of coated surface be in- 
sulated, and a second equal and similar jar be so placed as to charge 
from its outer coating, and if the first jar be charged from the con- 
ductor of the machine through the unit measure, it is found by a 
Lane’s discharging electrometer attached to each jar, that an equal 
number of measures are given off from the outer coating of the in- 
sulated jar at all periods of the progress of the charge. Thus, 
whether the first jar be charged with 20, or 40, or 60 measures, 
it still evolves from its outer coating the same number of measures 
for each unit of quantity as it did at first; and conversely, the 
second jar receives as easily the unit of quantity taken in terms of 
the unit explosions when charged with 20, 40, or 60 measures, as 
it did at first. The author concludes, that the charging of an elec- 
trical jar is by a rough analogy rather to be associated with the 
pouring of an inelastic fluid such as water into an open vessel in 
measured quantities, which is done up to the point of overflow as 
easily at last as at the first. 

Having given experimental illustrations of the nature of the seve- 
ral instruments just adverted to, and shown their accuracy as in- 
struments of research, the paper proceeds to consider the pheeno- 
mena of what the author, after the learned Mr. Cavendish, deno- 
minates electrical charge. By the term electrical charge of a given 
conducting substance, the author understands the quantity of elec- 
tricity which the body can sustain under a given degree of the 
electrometer. In pursuing this interesting question, he commences 
with an examination of the charges of hollow spheres or globes of 
different diameters. The method of experiment is to place the given 
sphere in communication with the electrometer, and find by a transfer 
of measured quantities of electricity the precise number of measures 
required to bring the imdex to a given degree of the arc. These 
measures are obtained by insulated balls or plates of given dimen- 
sions, brought into contact with the ball of an insulated charged jar 
carefully prepared and screened from the external air. The author 
shows how this method of measuring quantity by means of what he 
terms a quantity-jar may be perfected, so as to be relied on as a means 
of estimating small quantities of electricity. 

The results of a series of experiments with spheres and plates of 
equal area led to the deduction, that the charges of these bodies are 
as the square roots of the surfaces multiplied into the circumferences, 
and that the charge of a sphere is to the charge of a circular plate of 
equal surface as 1: 4/2, and the charge of a great circle of a sphere 
is to the charge of the sphere as 1: 4, or 1: 2. 

Taking a given surface of 100 square inches, and placing it under 
various forms, viz. a sphere, circular plate, square plate, rectangular 
plates of variable extension, a hollow open cylinder, a cube, &c., 
and subjecting these to the same process of experiment by which is 
measured the quantity of electricity which each can sustain under a 
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given degree of the electrometer or what the author calls intensity, 
he deduces the following :— 

1. The charges of spheres and circular planes, as also of plane 
rectangular plates, are as the square roots of these surfaces multiplied 
into their circumferences or perimeters. 

2. The charge of a cylinder is as the square root of its surface 
multiplied into the sum of its length and circumference, 

3, The charge of a cube is as the square root of its surface mul- 
tiplied into twice its side. 

4. The charge of a sphere is to the charge of one of its great 
cireles as 2: 1. 

5. The charge of a sphere is to the charge of a plane circle of 
equal surface as 1: “2, or as 1: 1°41. 

6. The charge of a cube is to the charge of a sphere of equal 
surface as 1 : 1°47 nearly. 

7. The charge of a square plate is to the charge of a cube whose 
side equals the side of the square as ] : 1°6 nearly. 

8. The charge of a circular plate is to the charge of a square plate 
whose side equals the diameter of the circle as 1 ; 1°28, 

The author examines the charges of cylindrical rods or tubes of 
small diameter, and finds their capacity to be nearly as the length, 
the surface being constant ; being quite in accordance with the result 
arrived at by Volta, who found that an insulated conductor com- 
posed of gilded rods could receive under the same intensity as much 
electricity as would produce a shock equal to a given extent of 
coated glass. 

In referring to the beautiful experiments of Coulomb, the author 
conceives that the sharing of electricity between a circular plate and 
sphere of equal area, in proportion to the two surfaces of the plate 
to the one exterior surface of the sphere, is a different thing frem the 
absolute charging of the plate on two surfaces, and adduces experi- 
ments to show that when a cireular plate charges on both its surfaces, 
it takes up twice the quantity of electricity under the same intensity, 
which a plane circular plate in respect of a sphere of equal area does 
not; he conceives the sharing of electricity between a sphere and 
circular plate of equal area to be a pure result of the inductive sus- 
eeptibility of the plate in consequence of the free exposure of its 
entire surface ; he further gives some new experiments on induction, 
with a view of proving that when one surface is opposed as it were 
to itself, as in the ease of the interior surface of a sphere, the induc- 
tive susceptibility of one-half the surface is reduced to zero, The 
phenomena of what the author calls, after Cavendish, electrical 
charge, he refers to some peculiar arrangement or disposition of the 
electrical particles on the surfaces of the seyeral conductors, by which 
they exhibit a greater or less degree of excitement, as observable by 
the electrometer, 

The remaining portion of this paper is devoted to the laws and 
phenomena of electrical attractive force. The attractive force of a 
given surface under a given charge does not depend on the quantity 
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of electricity, but on the number of attracting points called into 
operation by what is usually considered as the attracted body. Two 
circular dises of very light wood, of 5 inches diameter, bemg care- 
fully prepared in a lathe, were divided into six concentric rings, 
including a central plate of about an inch m diameter. The attract- 
ive force on each pair of rings was determined by means of the 
electrical balance and carefully noted; the force was as the several 
opposed areas ; and when the series was combined into one plate, the 
force was the sum of the forces of the respectiye rings; when the 
attractive forces of circular plates equal in area to the several rings 
respectively were examined, the force was the same as that exhibited 
by the two rings whose area was the same ; hence it is inferred that 
whether the charge operates from the circumference or near the 
centre, the attractive force is the same. Two rings combined exhibit 
forces equal to the sum of the forces taken separately ; and when 
the force is examined between the plates or the several rings and a 
plane circular area of large and continuous surface, the forces are no 
greater than that between two plates or rings of equal area. When 
the distances between the attracting surfaces or the quantities of the 
electrical accumulation varied, then the force was as the square of the 
accumulation directly, and as the square of the distances inversely. 
The author extends these experiments to spheres of different 
diameters. He had shown ina former paper, that, taking the attract- 
ive force to be as the areas directly, and as the squares of the 
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distances inversely, according to the expression Fa pp» two points 


might be determined within the hemispheres in which all the force 
may be conceived to be collected, and to be the same as if proceeding 
from every point of the hemisphere. If Z=the distance of either 

oint, gq' taken within the hemisphere, r=radius, and a=distance 
haven the near or what may be termed the touching points of the 
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spheres, then we have Z= ; and ifA=the surface, we 
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haye Foc Cap 2e When both hemispheres are equal, and distance 
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=a variable, then we have also Fac > (ae The author in a for- 


mer paper had applied these formule to the limited induction of a 
sphere of an inch radius; he now extends the inquiry to spheres 
yarying from an inch to 5 inches or more in diameter, and finds the 
results conformable to the formule. He gives a table containing 
the results of a series of experiments with four spheres whose areas 
regularly increased, and the radii of which were from 1 to 2 inches 
in diameter. ‘These were examined by the electrical balance. They 
were first placed with the points q 7, or centres of force as calculated 
for each at a constant distance of 1:1 of an inch, in which case the 
weights requisite to balance the force with a given number of mea- 
sures of electricity were as the opposed areas, thus confirming the 
preceding results deduced with plane surfaces; when the distances 
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the centres of force, or according to the formula Fac a(au.2#)° 


With the view of further verifying these results, a set of plane 
circular plates in pairs, each pair equal in area’to the areas of the 
respective hemispheres of the spheres, were submitted to experiment 
at the same constant distance 1:1, so as to cut the points qq’, or 
centres of force of the spheres ; the attractive forces were found pre- 
cisely the same as that of the opposed spheres to which the particular 
plates belonged. 

The author has examined at various times and with very rigid at- 
tention, the several conditions under which electrical attractive force 
conforms to the law of force as deduced by Cavendish and Coulomb, 
and other eminent philosophers, and he finds this law true only for 
charged and neutral conductors of large inductive capacity ; if either 
of the attracting surfaces have a narrow or limited susceptibility of 
inductive charge, then this law of force no longer obtains. If, for 
example, the attracting plates be taken as mere planes of small thick- 
ness, and even although they be charged with opposite electricity, 
still in changing the distances between them we do not obtain at all 
distances a law of force in the inverse duplicate ratio of the distance 
such as we have found to obtain in other circumstances. The force 
will be commonly in an inverse simple ratio of the distance. If the 
neutral or suspended plane be taken very thin and insulated, then 
little or no attractive force is observable under any circumstances. 
If we continue to increase its thickness, then, as the author has 
shown in former papers*, attractive force begins to display itself, 
and will approach a law of change in the inverse duplicate ratio of 
the distance as we extend its dimensions. When we give it unli- 
mited electrical extension by placing it in communication with the 
ground, then the force is as the square of the distance inversely; but 
it is not always so, until we effect this extension perfectly. When 
all these sources of disturbance are duly considered, it will not be 
difficult to reconcile the many conflicting results arrived at by several 
eminent philosophers in past times, in their endeavours to investigate 
the law of electrical force, and explain how, without any defect in 
their experimental processes, such conflicting results might arise. 
Volta, for example, found electrical force to vary in a simple inverse 
ratio of the distance. M. Simon, of Berlin, an eminent philosopher, 
and eulogized by Gilbert as being “‘ remarkable for his dexterity and 
careful manipulation” in this branch of physics, failed to verify 
Coulomb’s result, although he employed a new and very delicate 
apparatus, by which the repulsive force between two spheres was 
very accurately and beautifully measured. In these experiments he 
found the force to vary as the distance inversely +. 

* Phil. Trans. for 1834. 


t Poggend. Annal. for 1808, cap. 3, p. 277, and Ann. de Chim. vol. lxix. First 
Series. 
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January 7, 1857.—Colonel Portlock, R.E., President, in the Chair. 


The following communications were read :— 


1. “On the Dichodon cuspidatus.”” By Professor Owen, F.R.S., 
F.G.S. 

In this paper additional facts were communicated relative to the 
dentition of the Dichodon cuspidatus to those given in the author’s 
original memoir on the species in the ‘ Quarterly Journal of the Geo- 
logical Society,’ vol. iv. p. 36. They related to the structure of the 
last molar tooth of the lower jaw, which has a third bicuspid lobe, 
and to the forms and period of succession of the permanent teeth. 
The formula of the deciduous dentition was 


that of the permanent dentition is 


(828, ph pS mS 44, 
3—3 i) 4-4 3—3 

The form and structure of all the permanent teeth, with the excep- 
tion of the fourth premolar, are now known. 

The deciduous formula is the same as in the genus Sus; the per- 
manent one differs by the displacement of the first deciduous molar 
by a true premolar. Whilst, however, the Dichodon resembles the 
Hog-tribe in the kind and number of its teeth, it resembles more 
the Ruminantia in the configuration of the true molars, . The now 
ascertained facts of the deciduous dentition of the Dichodon supply 
an additional test of its affinities, owing to the marked difference in 
the times and order of succession of the permanent teeth, between 
the non-ruminant and the ruminant Artiodactyles. 

In the Ox and Sheep the last true molar cuts the gum before any 
of the premolars appear, and the canine teeth are the last to come 
into place. In the Hog the canines appear before the premolars, 
and these rise into place before the last molar has attained the level 
of the other grinders. In the Dichodon the second true molar is in 
place before any of the deciduous teeth have been shed ; and it more 
resembles the Sheep in the order of appearance of the permanent 
teeth. But there is some difference; for by the time the second 
true molar is as far advanced in development as in the Dichodon, 
figured in plate 4 of vol. iv. Quart. Journ. of Geol. Soc., the first 
permanent incisor is in place, and the germs of the premolars in the 
formative cavities have calcified crowns. ‘The adult Dichodon appears 
to have equalled in size a South Down sheep: the probable age of the 
immature individual above referred to might be surmised from the 
analogies presented by the subjoined ‘Table of the times of appear- 
ance of the permanent teeth in the— 
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Ox. Sheep. Hog. 
Early. Late. Early. Late. 

Symbols.| Year. Month. Year. Month.| Year. Month, Year. Month. | Year. Month. 
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The symbols of the teeth are explained in the author’s paper “ On 
the Homologies of the Teeth,” in Reports of the British Association, 
1848; and in Orr’s ‘ Circle of the Sciences,’ 8vo, 1854. 

The Additional specimens of the Dichodon described in this paper 
are from the Upper Eocene beds; one from the Isle of Wight is pre- 
served in the private collection of Dr, Wright of Cheltenham ; the 
rest, from Hordwell, Hants, form part of the Collection of Fossils in 
the British Museum. 


2. «On a Fossil Ophidian from Karabournou, Salonica Bay.” By 
Professor Owen, F.R.S., F.G.S. 

The vertebre here described, thirteen in number, indicated by 
their size a serpent of between 10 and 12 feetinlength. ‘They were 
discovered some years since by Capt. Spratt, R.N,, in the fresh- 
water tertiary beds at the Promontory of Karabournou. Supposing 
them to have been derived from other parts than the anterior fourth 
part of the trunk, they resemble in the length of the hypapophysis 
the vertebrae of Crotalus, Vipera, and Natriz; which they also re- 
semble in the presence of a process developed from both the upper 
and lower part of the diapophysis. The results of a minute compa- 
rison of all the parts of the complex yertebre of ophidian reptiles 
were given, which rendered it probable that the Salonica fossil ser- 
pent resembled those genera in which the hypapophysis is well de- 
veloped from all the trunk vertebra: the breadth of the base of the 
neural arch indicates that they have been from about the middle of 
the trunk. They offer so many points of resemblance with those of 
the Rattlesnake and Viper, that they may haye belonged to a venom- 
ous species, but they are specifically distinct from those existing 
serpents: they differ generically and in a very marked degree from 
the vertebre of the great constricting serpents (Python and Boa), as 
well as from the large fossil serpent (Paleophis) of the Eocene Tertiary 
formations. A summary of the known existing serpents of Southern 
Europe and Asia Minor was given, showing that none of the living spe- 
cies equal in bulk the fossil serpent. ‘‘ A classical myth embalmed in 
the verse of Virgil and embodied in the marble of the Laocoon would 
indicate a familiarity in the minds of the ancient colonists of Greece 
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with the idea at least of large serpents. But according to actual 
knowledge, and the positive records of zoology, the serpent between 
10 and 12 feet in length from the tertiary strata of Salonica must 
be deemed an extinct species.”’ For this fossil Professor Owen pro- 
posed the name of Laophis crotaloides. 


3. ‘On some additional Cambrian Fossils from the Longmynd,”’ 
By J. W. Salter, Esq., F.G.S. 

In March 1856 Mr. Salter communicated the discovery of traees 
of Annelides and probable fragments of a Trilobite, accompanied by 
ripple-marks, in the sandstone-beds of the eastern part of the Long- 
mynd. During the last summer he collected many more materials 
for the elucidation of the paleontology of the Longmynd rocks ; and 
in the present paper described the occurrence of abundant Annelide 
markings, referable to two species (one of them new), throughout 
a mile of thickness in the lower portion of the nearly vertical shales, 
sandstones, and flagstones of the Longmynd, from Church Stretton 
to the Portway. 

Wave- or surf-marks, ripples, sun-eracks, and rain-prints were 
also described as occurring at several localities on the surfaces of 
these laminated rocks of the Longmynd, 

Arenicolites sparsus was proposed as the name for the new species 
of double worm-hole above alluded to. Mr, Salter also adverted to 
the diseovery of numerous vertical worm-tubes in the quartz rock of 
the Stiper Stones. These he believes to be the same as the Scolithus 
linearis of Hall, found in the Potsdam sandstone of North America. 

He proposes the term Arenicolites for all fossil worm-holes with 
double openings, and Helminthites for the superficial trails. 


4. ‘On some Species of Acidaspis from the Lower Silurian beds 
of the South of Scotland,” By Professor Wyville Thomson, Com- 
municated by J. W. Salter, Esq., F.G.S. 

The author described three new species of the trilobitic genus 
Acidaspis, from the Lower Silurian flagstones with Graptolites and 
Orthoceratites of Pinwhapple Glen, and one from the overlying 
sandstone of Mullock Hill, Ayrshire. The names proposed for these 
species were Acidaspis Lalage ; A. hystrix; A. unica; and the fourth, 
A. callipareos. 


5. “On two Silurian Species of Acidaspis from Shropshire.” By 
J, W. Salter, Esq., F.G.S. 

In this communication Mr. Salter gave descriptions and figures 
of Acidaspis coronata, sp. nov,, from the Lower Ludlow Rock, and 
A. Caractaci, frov: the Caradoc or Bala Sandstone of Gretton. The 
latter species had been preyiously described, but not figured. 


January 21, 1857,—Colonel Portlock, R.E., President, in the Chair. 


The following communications were read :— 

1. “On some Fossiliferous Ironstone occurring on the North 
Downs,” By Joseph Prestwich, Esq., F.R.S., F.G.S, 

Besides a drift of red loam with flints, and the few local outliers 
of lower tertiary sands and pebble-beds, there are scattered on 
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the summit of the North Downs from Folkestone to Dorking a 
few masses of sand, gravel, and ironstone, which present a certain 
regularity of structure and uniformity among themselves, and are 
clearly different from and of a later age than the outliers of eocene 
tertiaries on the same hills. Mr. Prestwich had long been ac~- 
quainted with these ferruginous sands at Vigo Hill, where they are 
about 30 feet thick; and at Paddlesworth near Folkestone, where 
they are even better developed; but though the ironstone fragments 
derived from these beds are frequently found dispersed about the 
Downs, it was long before he met with any fossils in these beds, 
with the exception of a piece of fossil wood pierced by Teredo, and 
an obscure cast of a bivalve shell, at Paddlesworth. In December 
1854, however, some blocks of gritty ferruginous sandstone full of 
casts of shells were communicated to the author by Messrs. W. 
Harris and Rupert Jones, who had met with the specimens in some 
sandpipes in the Chalk at Lenham, eight miles east of Maidstone, and 
regarded them as belonging to the Basement Bed of the London 
Clay. This fossiliferous ironsand on close examination yielded casts 
of bivalve and univalve shells belonging to nearly thirty genera, 
besides indications of Lunulites, Diadema, &c. The presence of a 
Terebratula very like T. grandis, with several species of Astarte, and 
afterwards his finding a large Mya-shaped shell, led Mr. Prestwich 
to conclude that these sandy beds belonged to the Lower Crag. 
Mr. Searles Wood, to whom the fossils have been submitted, states 
that, as far as the evidence goes, he thinks they may with some pro- 
bability be referred to the Lower Crag period ; the occurrence of a 
Pyrula more especially strengthening this view. Mr. Prestwich 
assigns without any doubt this shelly ironstone to the ferruginous 
sands above referred to, and points to the peculiar concentric arrange- 
ment of the contents of the sandpipes of the locality in question as 
definitely indicating (in accordance with the observations he formerly 
published in the Society’s Journal) the former existence of horizontal 
strata of—l. (lowermost) loam with flints,—2. greenish sands with 
ironstone nodules,—3. yellow and reddish sands,—superposed on the 
bare chalk, after the eocene beds were for the most part denuded, and 
before the sandpipes were formed, into which these overlying beds 
were here and there let down and thereby preserved when further 
denuding agencies removed the later tertiary beds. 

Regarding then the outliers of ferruginous sands and sandstones 
above referred to as of the age of the Lower Crag, Mr. Prestwich 
points out the relative position of beds of similar age and of not dis- 
similar structure, on the Downs between Calais and Boulogne, also 
on the top of Cassel Hill near Dunkirk, at Lessines, at Louvain, and 
at Diestin Belgium. This extensive range of Crag-beds to the sonth 
of the typical Suffolk area, and their considerable elevation above the 
sea, are of course matters of great interest, not only as pointing out 
the relative age of some of the drifts, but especially as giving us a still 
nearer date to limit the denudation of the Weald, and indicating 
marginal sea-beds now stretching far inland and ranging once 
probably over the Wealden area,—possibly connected too with the 


Mr. J. Cleghorn on the Formation of Rock Basins. 218 


Carentan beds of Normandy. With regard to the denudation of the 
Weald, Mr. Prestwich suggests that, the anticlinal axis of the Weald 
having been somewhat raised during the cretaceous period, and the 
lower tertiaries partly constructed from its débris and gradually 
distributed over its area, it was again denuded to a considerable 
extent in the later tertiary period, some island or islands of the 
lower cretaceous rocks remaining in its area from which for the 
most part these sandy ferruginous Crag-beds were derived. The 
great or final elevation and denudation of the Wealden area was 
necessarily subsequent to the deposition of these pliocene beds, for 
their outliers, resting on an old flint-drift, occur on the very edge 
of the upraised chalk-escarpments of the Weald. This elevation 
being also subsequent in time to the first or Lower Crag period, 
Mr. Prestwich suggests, that we have here evidence of the physical 
cause of the distinction of the two Crag periods. The first Crag 
sea was open to the south, and of considerable extent ; but the last 
Wealden elevation, cutting off the southern portion, so altered the 
hydrographical conditions of the period, that a sea open only to the 
north remained, in which the Red or Upper Crag, with its boreal 
fauna, was then deposited. 


2. “Notice of the Occurrence of a Malacostracous Crustacean, 
and of a new Chiton in the Magnesian Limestone of Durham ; with 
Remarks on some other Permian Fossils.” By J. W. Kirkby, Esq. 
Communicated by T. Davidson, Esq., F.G.S. 

The author has in the course of the last three years met with six 
imperfect specimens of a minute Crustacean, characterized by two 
large caudal rings, about nine or ten narrow body rings, and a large 
cephalic carapace with two prominent hemispherical eyespots, placed 
far forwards. ‘This animal appears to be the same as that named 
Trilobites problematicus by Schlotheim, and Palgocrangon problema- 
ticus by Schauroth. It is not, however, related either to the Trilo- 
bites or the Crangons; but is pronounced by Mr.C.S. Bates to be 
probably Isopodous in its relations; and more nearly representing 
the immature than the mature form of recent Isopods. The other 
fossils described or noticed in this paper are the Chemnitzia Roess- 
leri, Chiton Howsianus, Lima Permiana, and Hippothoa Voigtiana, 


February 4, 1857.—Colonel Portlock, R.E., President, in the Chair. 


The following communications were read :— 

1. ‘On the Formation of Rock Basins.” By J. Cleghorn, Esq. 
Communicated by Sir R. I. Murchison, F.G.S. 

In this paper the author referred to the existence of pot-holes on 
the shore of Caithness, which he had reason to believe were formed 
in the first place by the grinding action of a loose mass of rock 
rotated on one spot by the action of the waves, and in the second 
place by the wearing action of pebbles and boulders washed about 
within the pots or basins by the sea. Mr. Cleghorn referred also to 
the rock basins of Dartmoor, and the Giants’ Pots of Sweden, and 
stated his belief that these also had originated in some modifications 
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of a similar agency, in opposition to the opinions of other observers, 
who had referred the formation of some to the decomposing action 


of the atmosphere on granite (aided in some instances by human ~ 


agency), of others to the effect of glaciers, &c. 


2. “On the Copper-mines of Namaqualand.” By R. N. Rubidge, 
Esq., M.B. Ina letter to Sir R. I. Murchison, F.G.S. 

On his examination of Namaqualand, in 1854, Dr. Rubidge found 
that the conditions under which the metalliferous rocks occur there 
differed from any which he had previously known, and that they did 
not take the character of lodes, as usually understood. On the 
contrary, he found that all the runs of ore, in at least the more 
southern part of this mining district, present externally an iron- 
stained surface, the rock being different from the gneiss on either 
side, and that the general south dip of the rocks changes in the centre 
of the run to the opposite direction, and then recovers the former 
direction for a variable distance from half a mile to twelve miles, 
when similar changes of dip occur, with or without metalliferous 
indications. These linear alterations of dip, or axes, present two 
chief varieties, termed by the author, respectively, “ axes of change,” 
and “axes of disturbance.” Some of the axes appear to be branched. 
The surface of the metalliferous runs is much cross-fissured and 
decomposed; the rocks are stained of a bright green colour by 
silicate of copper, and lumps of oxide of copper are scattered on the 
surface, or in the fissures. When these are followed downwards, 
they often widen at first into largish veins, which at depths varying 
from 4 to 25 feet generally contract, sometimes terminating abruptly. 
At a greater depth purple sulphuret of copper occurs, and still lower 
copper-pyrites, either in fissures between masses of slightly decom- 
posed granite, or diffused in grains throughout the granite. Dr, 
Rubidge described the relations of the Springbok, Koperberg, Con- 
cordia, Hoeklip, Rietburg, and other mines, to the several metallife- 
rous axes, as far as his opportunities had enabled him to form an 
opinion; and then offered some remarks on the probable origin of 
the succession of the ores observed in the axes, several of the facts 
connected with them pointing, in his opinion, to the agency of water, 
and perhaps of magneto-electrical force as having produced many of 
the phenomena. The mines to the northward, near Henkries and 
Pella, present different conditions of the metalliferous rocks to those 
of Springbok and the southern mines. In the Orange River county, 
hornblendic, micaceous, and other schistose rocks are penetrated by 
granitic dykes and masses; and the copper-ores occur in small 
masses, disseminated through the crystalline veins, and sometimes 
in the rocks themselves. 
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March 10, 1856.—A paper was read by L. Barrett, Esq., ‘‘ On the 
Distribution of the Mollusca on the Coast of Norway.” (Vide Annals 
of Nat. Hist. May 1856.) 

In this the author observed, that when the fauna of the coast of Nor- 
way is compared with that of the other side of the North Atlantic, a 
great difference will at once be perceived, not only in the number of 
species, but also in the different distribution of northern and south- 
ern types; the Mollusca of Greenland being peculiarly arctic, those 
of Scandinavia a mixture of southern and northern species. In the 
southern part of Norway we find the species living on our coasts 
abundant; but they become rarer as we go north, their place being 
supplied by arctic forms. Many of the northern species have a great 
geographical range, at which we need not be surprised when we 
consider their great antiquity, many of them having existed since the 
pliocene period; and, in the author’s opinion, whenever we find a 
species with a great geographical range, we may at once infer that 
it has continued to live from a remote period. It is extremely diffi- 
cult, according to the present state of the currents in the northern 
seas, to account for the wide distribution of arctic shells on this side 
of the North Atlantic; but when we consider that at not a very 
distant period the temperature and other conditions of this area 
were totally different, that a cold climate prevailed, certainly accom- 
panied by a current setting from the north (as is fully proved by the 
fact that boulders are always found nearly south of the moun- 
tain ranges from which they have been originally transported), and 
that many of the shells are found fossil in the Sicilian tertiaries, 
this wide distribution may be fully accounted for. As these frigid 
conditions were gradually altering to more genial ones, those species 
requiring a lower temperature would gradually die out, and only con- 
tinue to exist in higher latitudes. The littoral and shallow water 
species would be most affected by such an alteration of climate ; 
and while the fauna of the littoral and laminarian zones would be 
entirely changed,—the shells composing that fauna replaced by other 
species,—those living in the deep sea would continue to exist, per- 
haps at a greater depth, mingled with the species brought in with 
the new physical conditions of the area. This we know to be the 
case; for while the northern littoral shells, such as Mya truncata, 
&c., are found only fossil in Sicily, many of the deep-sea arctic species 
that existed there when those fossils were alive are still found living 
in the deeper parts of the Mediterranean. 

The same thing occurs on our coasts, where the arctic littoral 
or shallow-water shells, as Astarte arctica, Tellina proxima, Natica 
helicoides, &c., which are found in shallow water on the Scandi- 
navian or Greenland coasts, are now rare as deep-sea shells, and that 
in the same area in which they were formerly abundant as shallow- 
water species. Some species are capable of enduring great differences 


216 Cambridge Philosophical Society :— 


of climate, the Mytilus edulis being found as abundantly on the coast 
of Greenland as on our own shores. 

It is not difficult to account for the presence of the southern species 
on the coast of Norway, as the Gulf-stream sets directly along the 
coast, warming its waters, and rendering them habitable for species 
requiring a moderately high temperature. The great abundance and 
wide distribution of these species show that the present order of 
things has continued for a great length of time. The gradual ex- 
tinction of northern shells on our coasts is still going on; the 
number of living specimens of Pecten danicus is very small, while 
dead shells are very abundant, and fresh dead specimens of Pecten 
islandicus are frequently dredged, though a living specimen has not 
yet occurred. It is probable that this species has died out very 
recently. 

On the eastern shores of Davis’s Straits the Mollusca are about 
half as numerous as on the coast of Norway. The fauna differs in 
the prevalence of arctic types and the total absence of southern. At 
a former period the fauna was of a mixed character; species now in- 
habiting more southern latitudes are found fossil in the raised beaches 
at Disco Island, which speciesare no longer found living on the coasts. 


Nov. 6.—A paper was read by Dr. Donaldson “ On the Structure 
of the Athenian Trireme, considered with reference to certain diffi- 
culties of Interpretation.” 

The author’s intention was to show in this paper that the arrange- 
ments for seating the three tiers of rowers in the trireme, which Dr. 
Arnold has called ‘‘an indiscoverable problem,” may be adequately 
explained by an examination of the terms which are used to discri- 
minate the rowers, and of other words referring to the different parts 
of the war-galley. The name of the zygite, or rowers of the middle 
tier, implies that they sat on the Zvya, or transverse planks connect- 
ing the opposite sides of the vessel, also called cé\yara, and in 
earlier times kAnides. The thalamite, or rowers of the lowest tier, 
must, in accordance with their name, have had their seats attached 
to the ribs of the vessel in the 0dAapos, or hold. And the thranite, 
or rowers of the highest tier, sat on Opfvves, or benches like low 
stools, extending for seven feet along the alternate Guya. The epi- 
bate, or marines, whether as working the supernumerary oars, or 
as fighting, occupied platforms running along the bulwarks. This 
view of the matter explained the fact that there was a gangway 
from the stern to the prow for the passage of the officers, &c, along 
the oéApara or Zvyd, between the ends of the stools on which the 
thranite sat. This gangway was called the cedés, and the same 
name was given to the passages leading down to the orchestra from 
the upper part of the theatre between the rows of seats occupied by 
the spectators. Hence was derived a philological explanation of the 
words in Aristoph. Hquites, 546 :— 

aipec@? abr rodv 70 podioy, mapaméupar’ éd’ Evdexa Komaus 
Odpufsov xpnaroy Anvairny’ 
for there were eleyen tiers of seats between each diazoma of the 
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theatre, which were divided again by the sedis; so that the spectators 
would represent eleven banks of oars, seated; as in the trireme, with 
the lower rows in advance. In the same way, the use of the selis in 
a trireme, as the gangway for the officers, &c., explains the lines in 
the Agamemnon of Aischylus, 1588-9 :— 

av Tavra dwrets veprépa mpoahevos 

KOT, Kparovytwy tay éxi Cuvy@ Copds ; 
for if the zygite had been intended, they must have been described 
as rwy éxi Cvywy. The same view of the oéApara, as the proper 
place for the officers, was used to explain another passage in the 
same play (v. 1413), where Agamemnon’s companion is described as 
vauTiwoy cekudrwy isrorpi3ys. And the risk of passing along these 
planks, with intervals between them, was considered to explain the 
proverbial warning that we must take care not to miss our footing 
and fall into the hold (Eurip, Heracl. 168). Other points were in- 
cidentally noticed. 


Noy. 10.—The Master of Trinity read a paper ‘On the Platonic 
Theory of Ideas.’ 

In this, he first stated the Platonic theory of ideas as given by the 
late Professor Butler of Dublin, in his ‘Lectures’ (vol. ii. p.117); he 
then remarked that this theory had evidently, for one of its objects, 
to explain the possibility of necessary, and therefore eternal truths ; 
and thus was an attempt to solve the problem, often debated in 
modern times, of the grounds of mathematical truth; an attempt 
especially called out by the Heraclitean skepticism of Plato’s time. 
‘The doctrine of ideas which belong to the intelligible, not to the 
visible world, and which are the basis of demonstration, did really 
answer its purpose, and account for the existence of real and eternal 
truths; and at the same time, by the tenet that sensible things par- 
ticipate in those ideas, accounted for the securing of truth respecting 
the sensible world. But when Plato goes on to speak of ideas of 
tables and chairs and the like, he gives an extension of the theory 
which solves no difficulty, and for which no valid reason is rendered. 

The arguments against this extension of the theory are given with 
great force in the Dialogue entitled Parmenides, and are not answered 
there, nor in a satisfactory way, in any part of Plato’s writings. 
Moreover, throughout this Dialogue, Parmenides is represented as 
having, in his conversation with Socrates, vastly the superiority, not 
only in argument, but in temper and manner; and Socrates and his 
friends, after a little show of resistance, assent submissively to all 
that Parmenides says. On this ground the writer maintains that 
the Dialogue is not Plato’s, but anti-Platonic, written probably by an 
admirer of Parmenides, and tending to represent Socrates and his 
disciples as poor philosophers, conceited talkers, and feeble dis- 
putants, 

This view was further confirmed by arguments drawn from the 
external circumstances of the Dialogue. 

Noy. 24.—An account was given by Professor Miller, of the resto- 
ration of the Standard of Weight (vide Phil. Mag. vol. xii. p. 540, 


and p. 194 of the present volume. 
Phil. Mag. 8. 4. Vol. 18. No. 85. March 1857. Q 
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Dec. 8.—Mr. Humphry read a paper “‘ On the relations of the 
Vertebrate Skeleton to the Nervous System.” 

He pointed out that the central parts, both of the skeleton 
and of the nervous system, are composed of segments placed in 
front of, or above one another: those of the former being called 
“vertebrae,” those of the latter ‘“ganglia;” that the vertebrze 
correspond with the ganglia, each vertebra having its appropriate 
ganglion; and further, that the processes, or nerves, emanating 
from the central ganglionic portion of the nervous system corre- 
spond with, and accompany the processes, or bones, appended to 
the central portion of the skeleton, so that the bones appended to 
any particular vertebra are generally accompanied by the nerves ema- 
nating from the ganglion connected with that vertebra. Hence, 
where a difficulty is found in referring a bone to its vertebra, assist- 
ance may often be derived from a reference to the nerve or nerves 
which accompany that bone. Following the guide thus indicated, 
Mr. Humphry would refer the upper extremity, not to one—the 
occipital—vertebra, according to the plan of Professor Owen, but to 
several cervical vertebrae, forasmuch as it derives its nerves from a 
considerable tract of the cervical portion of the cord. For the like 
reason, the lower extremity may be regarded as appertaining to 
several lumbar and sacral vertebree. ‘The relations of the bones of 
the face to their respective cranial vertebrae were pointed out in ac- 
cordance with the distribution of the cerebral nerves. It was shown, 
that although the size and shape of the skull are proportioned to the 
size and shape of the brain, yet that, as a general rule, the thickness 
and weight of the skull are in an inverse ratio to the size of the 
brain. A comparison of the different nations of mankind proves, 
moreover, that the size of the whole skeleton, as well as that of the 
skull, is usually proportioned to the size of the brain; a well-deve- 
loped physique being the natural associate of an ample cerebrum. 


XXXI. Intelligence and Miscellaneous Articles. 


THE TELESCOPIC STEREOSCOPE. 
To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 

GYCE sending you the account of the stereoscopes proposed by 

myself and Mr. Waterston for uniting large binocular pictures, 
my attention has been called to a description, contained in Sir David 
Brewster’s Treatise on the Stereoscope, of an instrument so nearly 
resembling what I have called the telescopic stereoscope, that, had it 
not entirely escaped my recollection, I would never have spoken of 
mine as new. The only difference, beyond unimportant details, is that 
the instrument described by Sir David Brewster appears to have been 
intended only for small pictures near at hand, while mine was designed 
to unite large pictures viewed atadistance. ‘The latter object alone 
being that which I had in view, and recollecting no description of 
any instrument for that purpose in Sir David’s work, it did not occur 
to me to search the volume again before sending you my account, 
although I endeavoured in every other way to ascertain if such a 
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form of the stereoscope had ever made its appearance. I now, how- 
ever, take the very earliest opportunity of making the acknowledge- 
ment, and hope you will be able to give it a place in your forth- 
coming Number. 
I am, Gentlemen, 
Respectfully, 
Edinburgh, Feb. 10, 1857. James Ex.ior. 


ON INDUCTION. BY A. MASSON. 

The object of these experiments is to establish the truth of the 
following facts, upon which the whole theory of induction reposes :— 

1. All electrical currents, whatever be their tension, produce the 
same phenomena of induction. 

2. The induced currents of different orders are composed of two 
systems of currents equal in quantity, but possessing different inten- 
sities. (To assimilate voltaic currents to the discharges of Leyden bat- 
teries, the two secondary currents produced by the rupture and esta- 
blishment of the primary current, must be taken.) 

3. The currents which have the highest tension are direct for the 
secondary current, and inverse for the currents of other orders. 

4. The physiological and magnetic effects of the currents, as well 
as the elevation of temperature, are produced by instantaneous 
actions, which only depend on the quantity of electricity and the 
tension of the current, and by no means on the duration of its 
action. ‘The quantity of chemical action, the total heat evolved in 
a circuit, and the deviation of a galvanometer, are independent of 
the tension and time, and remain always proportionable to the total 
quantity of electricity set in motion. 

Voltaic induction The secondary current of Ruhmkorff’s appa- 
ratus decomposes water abundantly by the employment of poles 
composed of very fine platinum wires placed in tubes of glass, to one 
extremity of which they are soldered; these wires dip into the 
fluid 1 or 2 millims., and the gases disengaged at each pole form a 
very pure detonating mixture. 

The galvanometer remains stationary, or undergoes oscillations 
due to the double current; by producing a spark in the induced 
circuit, one of the currents is nearly destroyed; the decomposition 
of acidulated water becomes polar, and the deviation of the galvano- 
meter is certain ; like the voltameter, it indicates a direct induced 
current. 

A tertiary current gives a detonating mixture; it has no action 
on the galvanometer. I have not been able to procure an apparatus 
capable of producing a spark for the tertiary voltaic current. I hope 
soon to be able to operate upon the currents of different voltaic 
orders, as upon the secondary current. 

Induction by the discharge of batteries —I charge a condenser by 
the Ruhmkorff’s apparatus, employing the precautions indicated in 
my tudes de Photométrie électrique; 1 then obtain a primary 
current formed of successive discharges sufficiently close together 
to give the effects an apparent continuity. The circuits disposed 
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for the induction are formed of flat spirals, of which the wires are 
perfectly insulated. I stopped at the induced current of the fourth 
order, as I only had three pairs of spirals. 

The induced currents of all the orders decompose water and 
furnish detonating mixtures at each pole. The galvanometer re- 
mains stationary. The re-electrometer of Marianini undergoes 
continual perturbations in consequence of successive magnetizations 
and demagnetizations. 

By producing a spark in the circuit, either by means of an electro- 
micrometer or of the electrical egg partially deprived of air, water 
undergoes a polar decomposition; the galvanometer acquires a 
permanent deviation, the re-electrometer receives a fixed magneti- 
zation, and these three pieces of apparatus always act concordantly, 
whatever be the direction of the primary current, which may be 
changed at pleasure by the commutator of Ruhmkorff’s apparatus. 

The induced currents might be extended far beyond the fourth 
order, and made to produce a continual series of sparks. 

The re-electrometer, the indications of which have always appeared 
to me to be perfectly certain in the numerous experiments in which 
I have used it, was employed to find the direction of the currents 
induced by discharges of batteries charged by an ordinary electrical 
machine, taking care that the spark of the induced circuit was at 
the maximum striking distance; the ingenious instrument of M. 
Marianini leaves no uncertainty, and all the currents of different 
orders produced by strong discharges showed the directions which 
had previously been found for weaker currents.— Comptes Rendus, 
Dec. 15, 1856, p.1115. 


OBSERVATIONS ON THE ZODIACAL LIGHT AND ON SHOOTING 
STARS. BY PROF. HEISS*. 

At the recent Meeting of German Naturalists at Vienna, Prof. 
Heiss of Miinster (Westphalia) gave the results of his observations on 
zodiacal light (with reference to Prof. Argelander’s memoir on the 
same subject). 

The first notice of zodiacal light was published, about 200 years 
ago, by Dominic Cassini; a more exact investigation has been un- 
dertaken in recent times by Baron von Humboldt. The phenomenon 
is generally difficult to observe on account of its want of conspicu- 
ousness ; at certain periods, however, as was the case in the spring 
of 1856, it becomes more intense, somewhat resembling a distant fire. 

Most authors state that the zodiacal light is visible only during 
certain periods of the year; Prof. Heiss, however, after 200 observa- 
tions, has found that it is visible during the whole course of the year. 
In summer the protracted twilight is an obstacle to the observation, 
but the presence of the zodiacal ight may be precisely inferred from 
the form of the crepuscular light. The: determination of the limits 
of zodiacal light requires particular care: the lower southern margin 
of the pyramid is generally the less distinct. 

Prof. Heiss exhibited a map showing the shape of this light, as 


* Communicated by the Count Marschall. 
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determined by a series of observations. The variations in its inten- 
sity probably depend on atmospheric changes only. Prof. Heiss 
expressed his desire that further observations should be made, and 
proposed, as a problem still requiring solution, the question whether 
the phenomena of zodiacal light observed at different stations are 
not really different from each other. ‘The phenomenon may be alike 
perceived in the evening and in the morning; e. g. on February 3, 
1856, when in the evening the light was very conspicuous in the 
western part of the firmament, and appeared again, nine hours later, 
in the eastern part; its figure being an ellipse with a major axis of 
116°, and a minor axis of 33°. It has not yet been possible to 
observe the polarization of the zodiacal light on account of its feeble 
intensity. 

Prof. Heiss pointed out the desirability of corresponding observa- 
tions on the aurora borealis, especially for determining the distance 
of these two peculiar lights. He himself had made the so-called 
“rays” of the aurora borealis a particular subject of observation, 
making use, for the grouping of the results, of diaphanous maps to 
protect the eyes against the excessive intensity of the light. ‘The 
aurora borealis is known to be visible at great distances; e. g. the 
same phenomenon was observed by Prof. Heiss at Aix-la-Chapelle, 
and by M. Schmidt at Naples. Although the last aurore boreales 
were very feeble, there is no reason to suppose a general diminution of 
the phenomenon, or the beginning of a period of periodical decrease. 

Prof. Heiss has observed the phenomenon of falling stars conti- 
nuously since 1849, during the whole course of the year. The 
results of his observations have been graphically represented on 
wooden tables of a peculiar construction, and so placed that they 
exactly answer to the region of the firmament actually before the 
eye of the observer. Falling stars observed at the same time at dif- 
ferent places are not always identical; they may be distinguished 
from each other by means of several geometrical constructions. 
The igneous globular meteor of February 3, 1846, was seen at places 
very distant from each other. According to Prof. Heiss’s observa- 
tions, it took its origin at a vertical height of 30 German (about 
150 English) miles above the St. Gothard, it progressed towards the 
north of France and disappeared above Chalons, passing through a 
distance of 54 German miles within the space of a few seconds. 
Another igneous globe was seen in August 1856 at Brussels, Namur, 
and other places; first appearing at a height of 10 German miles 
near Namur, and disappearing at a height of 8 German miles: its 
real diameter was 300 Paris feet. 

Prof. Heiss expressed a wish that notice might be given him of 
any phznomena of this kind wherever such may have heen observed, 
and stated that his own observations on falling stars did not fall far 
short of 9000. 


PROFESSOR SCH@NBEIN. 
We have the satisfaction of recording, that the King of Bavaria has 
presented a gold medal, accompanied by a prize of about 3500 francs 
(£140), to M. Scheenbein for his investigations on ozonized oxygen. 
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ON THE INFLUENCE EXERCISED ON THE MAGNETIC NEEDLE BY 
MUSICAL STRINGS IN A STATE OF RESONANCE. BY DR. H. 
REINSCH*, 

(Extract.) 


“... . The interesting experiment of the rotating copper disc in- 
stituted by Arago, led me to examine the effect upon the magnetic 
needle of a vibrating string covered with copper wire. For this 
purpose I stretched a copper-covered string upon a violin, and sus- 
pended above it a light magnetic needle by means of a filament of 
cocoon-silk. The needle that I made use of was a sewing-needle, 
about an inch and a half long. The direction of the string was made 
to coincide exactly with the magnetic meridian, and the distance 
between the string and the needle was about the twelfth of an 
inch. ‘The string was now thrown into the state of resonance by 
means of a violin-bow, but the needle remained entirely motionless ; 
on the contrary, it rather appeared that, after having been made to 
oscillate purposely, it returned more rapidly to its normal direction 
than if the string had been allowed to remain mute. Instead of 
using a metal string I now had recourse to one of catgut, and sus- 
pended the needle above an ordinary treble violin string, when the 
first stroke of the bow was sufficient to impart a considerable deflec- 
tion to the needie, and by five or six strokes in quick succession a 
deflection amounting to 90° is easily produced. The purer the tone 
is, and the greater the tension of the string, the more marked is the 
deflection. 

‘« The various deflections, corresponding exactly with those brought 
about by the galvanic current, are exhibited in the subjoined figure. 
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“ The string, a 6, is made fast at f; br is the bridge of the violin ; 
n the magnetic needle freely suspended; s¢ indicate the stroke of 
the bow, its direction being shown by the arrow-head. Immediately 
that a stroke of the bow is given near the bridge in the direction 
shown in the figure, the needle is deflected westward, as seen at 1; 
on giving the stroke in the contrary direction, as shown at 2, the 
needle is deflected in an easterly direction; on giving the strokes 
at the south end of the needle, the deflections take place in exactly 
opposite directions to those brought about by the strokes given at 
the north end of the needle, as seen at 3 and 4.” 


* Ueber den Einfluss ténender Saiten auf die Magnetnadel, vow Dr, H. 
Reinsch, Communicated by W. G. Lettsom, Esq. 
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ON ELECTRICAL HEAT, 
To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 

In the Philosophical Magazine, vol. xii. p. 553, Sir W. Snow 
Harris has continued his opposition to an established law of electrical 
heat, without, as is necessary, describing minutely the experiments 
which he considers irreconcileable with that law. It is therefore 
impossible to assign a reason for the remarkable result which his 
experiment with two Leyden jars of different sizes led to. If Sir 
William did really, as he asserts, charge the two jars with the same 
amount of electricity, and all other conditions in the two jars were 
identical, the small jar would undoubtedly on its discharge have 
caused a stronger heating effect of the wire than the large jar. At 
the same time the theory of the Leyden jar teaches that this expe- 
riment can by no means serve as an accurate test of the law in ques-~ 
tion, and cannot be called a crucial experiment. May I be allowed 
in conclusion to repeat a statement which is not expressed with suf- 
ficient clearness in my last letter? I request the reader not to con- 
sider objections to my researches as well founded because I leave 
them unanswered ; I pass over objections which are based upon a 
misconception of my statements, and are easily corrected. 

I have the honour to be, Gentlemen, 


Yours truly, 
Berlin, Jan. 20, 1856. P. Ruzss. 


ON THE SPIRALITY OF MOTION IN WHIRLWINDS AND TORNADOES, 
BY W. C. REDFIELD*. 

1. An aggregated spiral movement, around a smaller axial space, 
constitutes the esential portion of whirlwinds and tornadoes, 

2. The course of the spiral rotation, whether to the right or left, 
is one and the same in this respect throughout the entire whirling 
body, so long as its integrity is preserved. But the oblique inclina- 
tion which the spiral movement also has to the plane of the horizon, 
is in opposite directions as regards the interior and exterior portions 
of the revolving mass. Thus, in the outward portion of the whirl- 
wind the tendency of this movement is obliquely downwards, when 
the axis is vertical; but in the interior portion, the inclination or 
tendency of the spiral movement is upward. This fact explains the 
ascensive effects which are observed in tornadoes and in more 
diminutive whirlwinds. 

3. Owing to the increased pressure of the circumjacent air in 
approaching the earth’s surface, the normal course of the gradually 
descending movement, in a symmetric whirlwind, is that of an 
involuted or closing spiral ; while the course of the interior ascending 
movement of rotation is that of an evolved or opening spiral. Hence, 
the horizontal areas of the higher portions of the whirl exceed greatly 
those of its lower portions. 

4. The area of the ascending spiral movement in the vortex, as it 
leaves the earth’s surface, is by far the smallest portion of the 


* Read before the American Association at Albany, Aug. 26, 1856, 
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whirling body ; for the reason that the rotation here is proportionally 
more active and intense, being impelled by the aggregated pressure 
and momentum of the more outward portion of the whirlwind as 
it converges from its larger area, on all sides, by increasingly rapid 
motion, into the smaller area of ascending rotation*. ‘That this 
interior portion of the whirl resembles an inverted hollow cone, 
or column, with quiescent and more rarefied air at its absolute 
centre, may be inferred from the observations which have been 
made in the axial portions of the great cyclones. Into this axial 
area of the tornado the bodies forced upward by the vortex cannot 
fall, but will be discharged outward from the ascending whirl. ‘The 
columnar profile of this axial area sometimes becomes visible, as in 
the water-spouts so called. 

5. Accessions caused by circumjacent contact and pressure are 
constantly accruing to the whirling body, so long as its rotative 
energy is maintained. A correlative diffusion from its ascending 
portion must necessarily take place, towards its upper horizon; and 
this is often manifested by the great extent or accumulation of cloud 
which results in this manner from the action of the tornado. In 
other words, there is a constant discharge from the whirling body 
in the direction of least resistance. 

6. The spirality of the rotation and its inclination to the horizon, 
in the great portion of the whirl which is exterior to its ascending 
area, is not ordinarily subject to direct observation. Nor is the 
outline or body of the more outward portion of the whirlwind at all 
visible, otherwise than in its effects. 

7. In aqueous vortices the axial spiralities of the exterior and 
interior portions are in. reverse direction to those in the atmosphere, 
the descending spiral being nearest to the axis of the vortex. Hence 
lighter bodies and even bubbles of air are often forced downward in 
the water, in the manner in which heavier bodies are forced upwards 
in the atmosphere. 

The foregoing is simply a statement of results which I have derived 
from a long course of observation and inquiry. It does not include 
the partial and imperfect exhibitions of whirlwind action which often 
occur; nor the various movements and phenomena which are col- 
laterally associated with tornadoes and whirlwinds, some of which 
are of much significance.—Silliman’s American Journal for January 
1857, p. 23. 


* The law of increment in the velocity of the whirlwind, as it gradually 
converges into smaller areas by its spiral involution, is that which pertains 
to other bodies when revolving around interior foci towards which they 
are being gradually drawn or pressed nearer and nearer, in their involute 
course ;—the line of focal or centripetal pressure, thus sweeping equal 
areas in equal times, at whatever diminution of distance from the centre ; 
except as the velocity may be effected in degree by the resistance of other 
bodies. Such resistance is of little effect in a tornado, because its revolving 
mass is mainly above all ordinary obstacles, such as orchards and forests, 
into which the spirally descending and accelerated blast, near the contracted 
extremity of the inverted and truncated cone of the whirl, penetrates with 
constant freshness and intensity of force, already acquired in the higher 
and unobstructed region. 
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XXXV. On the Conservation of Force. 
By Professor Farapay, D.C.L., F.RS.* 


ARIOUS circumstances induce me at the present moment 
to put forth a consideration regarding the conservation of 
force. I do not suppose that I can utter any truth respecting 
it that has not already presented itself to the high and piercing 
intellects which move within the exalted regions of science; but 
the course of my own investigations and views makes me think 
that the consideration may, be of service to those persevering 
labourers (amongst whom I endeavour to class myself), who, 
occupied in the comparison of physical ideas with fundamental 
principles, and continually sustaining and aiding themselves by 
experiment and observation, delight to labour for the advance of 
natural knowledge, and strive to follow it into undiscovered 
regions. 

There is no question which lies closer to the root of all phy- 
sical knowledge than that which inquires whether force can be 
destroyed or not. The progress of the strict science of modern | 
times has tended more and more to produce the conviction that 
“force can neither be created nor destroyed,” and to render 
daily more manifest the value of the knowledge of that truth in 
experimental research. To admit, indeed, that force may be 
destructible or can altogether disappear, would be to admit that 
matter could be uncreated; for we know matter only by its 
forces: and though one of these is most commonly referred to, 
namely gravity, to prove its presence, it is not because gravity 
has any pretension or any exemption amongst the forms of force 


* From the Proceedings of the Royal Institution for February 27, 1857, 
Phil. Mag. 8. 4. Vol. 13, No, 86. April 1857, R 
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as regards the principle of conservation, but simply, that being, 
as far as we perceive, inconvertible in its nature and unchange- 
able in its manifestation, it offers an unchanging test of the 
matter which we recognize by it. 

Agreeing with those who admit the conservation of force to 
be a principle in physics as large and sure as that of the inde- 
structibility of matter, or the invariability of gravity, I think 
that no particular idea of force has a right to unlimited or un- 
qualified acceptance that does not include assené¢ to it; and also 
to definite amount and definite disposition of the force, either in 
one effect or another, for these are necessary consequences ; 
therefore I urge that the conservation of force ought ‘to be ad- 
mitted as a physical principle in all our hypotheses, whether 
partial or general, regarding the actions of matter. I have had 
doubts in my own mind whether the considerations I am about 
to advance are not rather metaphysical than physical. I am 
unable to define what is metaphysical in physical science ; and 
am exceedingly adverse to the easy and unconsidered admission 
of one supposition upon another, suggested as they often are by 
very imperfect induction from a small number of facts, or by a 
very imperfect observation of the facts themselves; but, on the 
other hand, I think the philosopher may be bold in his applica- 
tion of principles which have been developed by close inquiry, 
have stood through much investigation, and continually increase 
in force. For instance, ¢ime is growing up daily into importance 
as an element in the exercise of force. The earth moves in its 
orbit in time; the crust of the earth moves in time; light moves 
in time; an electro-magnet requires time for its charge by an 
electric current: to inquire, therefore, whether power, acting 
either at sensible or insensible distances, always acts in time, is 
not to be metaphysical ; if it acts in time and across space, it 
must act by physical lines of force; and our view of the nature 
of the force may be affected to the extremest degree by the con- 
clusions which experiment and observation on time may supply, 
being perhaps finally determinable only by them. To inquire 
after the possible time in which gravitating, maguetic, or electric 
force is exerted, is no more metaphysical than to mark the times 
of the hands of a clock in their progress ; or that of the temple 
of Serapis in its ascents and descents; or the periods of the 
occultations of Jupiter’s satellites; or that in which the hght 
from them comes to the earth. Again, in some of the known 
cases of action in time, something happens whilst the ime is 
passing which did not happen before, and does not continue 
after; it is therefore not metaphysical to expect an effect in every 
case, or to endeavour to discover its existence and determine its 
nature. So in regard to the principle of the conservation of 
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force, I do not think that to admit it and its consequences, 
whatever they may be, is to be metaphysical; on the contrary, 
if that word have any application to physics, then I think that 
any hypothesis, whether of beat, or electricity, or gravitation, or 
any other form of force, which either wittingly or unwittingly 
dispenses with the principle of conservation, is more liable to 
the charge than those which, by including it, become so far 
more strict and precise. 

Supposing that the truth of the principle of the conservation 
of force is assented to, I come to its uses. No hypothesis should 
be admitted, nor any assertion of a fact credited, that denies the 
principle. No view should be inconsistent or incompatible with 
it. Many of our hypotheses in the present state of science may 
not comprehend it, and may be unable to suggest its conse- 
quences, but none should oppose or contradict it. 

If the principle be admitted, we perceive at once that a theory 
or definition, though it may not contradict the principle, cannot 
be accepted as sufficient or complete unless the former be con- 
tained in it ; that however well or perfectly the definition may 
include and represent the state of things commonly considered 
under it, that state or result is only partial, and must not be 
accepted as exhausting the power or being the full equivalent, 
and therefore cannot be considered as representing its whole 
nature ; that, indeed, it may express only a very small part of 
the whole, only a residual phenomenon, and hence give us but 
little indication of the full natural truth. Allowing the prin- 
ciple its force, we ought in every hypothesis either to account 
for its consequences, by saying what the changes are when force 
of a given kind apparently disappears, as when ice thaws, or else 
should leave space for the idea of the conversion. If any hypo- 
thesis, more or less trustworthy on other accounts, is insufficient 
in expressing it or incompatible with it, the place of deficiency 
or opposition should be marked as the most important for exami- 
nation, for there lies the hope of a discovery of new laws or a 
new condition of force. The deficiency should never be accepted 
as satisfactory, but be remembered and used as a stimulant to 
further inquiry; for conversions of force may here be hoped for. 
Suppositions may be accepted for the time, provided they are 
not in contradiction with the principle. Even an increased or 
diminished capacity is better than nothing at all; because such 
a supposition, if made, must be consistent with the nature of 
the original hypothesis, and may therefore, by the application of 
experiment, be converted into a further test of probable truth. 
The case of a force simply removed or suspended, without a 
transferred exertion in some other direction, appears to me to be 
absolutely impossible. 

R 2 


228 Prof. Faraday on the Conservation of Force. 


If the principle be accepted as true, we have a right to pursue 
it to its consequences, no matter what they may be. It is, 
indeed, a duty to do so. A theory may be perfection, as far as 
it goes, but a consideration going beyond it is not for that reason 
to be shut out. We might as well accept our limited horizon as 
the limits of the world. No magnitude, either of the phenomena 
or of the results to be dealt with, should stop our exertions to 
ascertain, by the use of the principle, that something remains to 
be discovered, and to trace in what direction that discovery 
may lie. 

I will endeavour to illustrate some of the points which have 
been urged, by reference, in the first instance, to a case of power 
which has long had great attractions for me, because of its 
extreme simplicity, its promising nature, its universal presence, 
and its invariability under like circumstances ; on which, though 
I have experimented* and as yet failed, I think experiment 
would be well bestowed: I mean the force of gravitation. I 
believe I represent the received idea of the gravitating force 
aright, in saying that it is @ simple attractive force exerted between 
any two or all the particles or masses of matter, at every sensible 
distance, but with a strength varying inversely as the square of the 
distance. The usual idea of the force implies direct action at a 
distance; and such a view appcars to present little difficulty 
except to Newton, and a few, including myself, who in that 
respect may be of like mind with himy. 

This idea of gravity appears to me to ignore entirely the prin- 
ciple of the conservation of force; and by the terms of its defi- 
nition, if taken in an absolute sense “ varying inversely as the 
square of the distance,” to be in direct opposition to it; and it 
becomes my duty now to point out where this contradiction 
occurs, and to use it in illustration of the principle of conserva- 
tion. Assume two particles of matter, A and B, in free space, 
and a force in each or in both by which they gravitate towards 
each other, the force being unalterable for an unchanging di- 
stance, but varying inversely as the square of the distance when 
the latter varies. Then at the distance of 10 the force may be 
estimated as 1; whilst at the distance of 1, 7. e. one-tenth of the 
former, the force will be 100; and if we suppose an elastic 
spring to be introduced between the two as a measure of the 
attractive force, the power compressing it will be a hundred times 
as much in the latter case as in the former. But from whence 
can this enormous increase of the power come? If we say that 
it is the character of this force, and content ourselves with that 
as a sufficient answer, then it appears to me we admit a creation 
of power, and that to an enormous amount; yet by a change of 

* Philosophical Transactions, 185], p, 1. + See Note, p. 232, 
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condition so small and simple, as to fail in leading the least-in- _ 
structed mind to think that it can be a sufficient cause :—we 
should admit a result which would equal the highest act our 
minds can appreciate of the working of infinite power upon 
matter ; we should let loose the highest law in physical science 
which our faculties permit us to perceive, namely the conserva- 
tion of force. Suppose the two particles A and B removed back 
to the greater distance of 10, then the force of attraction would 
be only a hundredth part of that they previously possessed ; this, 
according to the statement that the force varies inversely as the 
square of the distance, would double the strangeness of the above 
results; it would be an annihilation of force; an effect equal in 
its infinity and its consequences with creation, and only within 
the power of Him who has created. 

We have a right to view gravitation under every form that 
either its definition or its effects can suggest to the mind; it is 
our privilege to do so with every force in nature ; and it is only 
by so doing that we have succeeded to a large extent in relating 
the various forms of power, so as to derive one from another, 
and thereby obtain confirmatory evidence of the great principle 
of the conservation of force. Then let us consider the two par- 
ticles A and B as attracting each other by the force of gravita- 
tion under another view. According to the definition, the force 
depends upon both particles ; and if the particle A or B were by 
itself it could not gravitate, 7. e. it could have no attraction, no 
force of gravity. Supposing A to exist in that isolated state and 
without gravitating force, and then B plaeed in relation to it, 
gravitation comes on, as is supposed, on the part of both. Now, 
without trymg to imagine ow B, which had no gravitating force, 
can raise up gravitating foree in A; and how A, equally with- 
out force beforehand, can raise up force in B, still, to imagine 
it as a fact done, is to admit a creation of force in both particles, 
and so to bring ourselves within the impossible consequences 
which have already been referred to. 

It may be said we cannot have an idea of one particle by itself, 
and so the reasoning fails. For my part I can comprehend a 
particle by itself just as easily as many particles; and though I 
cannot conceive the relation of a lone particle to gravitation, 
according to the limited view which is at present taken of that 
force, I can conceive its relation to something which causes gra- 
vitation, and with which, whether the particle is alone, or one of 
a universe of other particles, it is always related. But the rea- 
soning upon a lone particle does not fail; for as the particles 
ean be separated, we can easily conceive of the particle B being 
removed to an infinite distance from A, and then the power in 
A will be infinitely diminished. Such removal of B will be as if 
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it were annihilated in regard to A, and the force in A will be 
annihilated at the same time; so that the case of a lone particle 
and that where different distances only are considered become 
one, being identical with each other in their consequences. And 
as removal of B to an infinite distance is as regards A annihila- 
tion of B, so removal to the smallest degree is in principle the 
same thing with displacement through infinite space: the small- 
est increase in distance involves annihilation of power; the an- 
nihilation of the second particle, so as to have A alone, involves 
no other consequence in relation to gravity; there is difference 
in degree, but no difference in the character of the result. 

It seems hardly necessary to observe, that the same line of 
thought grows up in the mind if we consider the mutual gravi- 
tating action of one particle and many. The particle A will 
attract the particle B at the distance of a mile with a certain 
degree of force; it will attract a particle C at the same distance 
of a mile with a power equal to that by which it attracts B; if 
myriads of like particles be placed at the given distance of a mile, 
A will attract each with equal force ; and if other particles be ac- 
cumulated round it, within and without the sphere of two miles 
diameter, it will attract them all with a force varying inversely with 
the square of the distance. How are we to conceive of this force 
growing up in A to a millionfold or more? and if the surround- 
mg particles be then removed, of its diminution in an equal 
degree? Or how are we to look upon the power raised up in all 
these outer particles by the action of A on them, or by their 
action one on another, without admitting, according to the 
limited definition of gravitation, the facile generation and anni- 
hilation of force ? 

The assumption which we make for the time with regard to 
the nature of a power (as gravity, heat, &c.), and the form of 
words in which we express it, 7. ¢. its definition, should be con- 
sistent with the fundamental principles of force generally. The 
conservation of force is a fundamental principle; hence the 
assumption with regard to a particular form of force ought to 
imply what becomes of the force when its action is increased or 
diminished, or its direction changed ; or else the assumption should 
admit that it is deficient on that point, being only half compe- 
tent to represent the force, and in any case should not be opposed 
to the principle of conservation. The usual definition of gravity 
as an attractive force between the particles of matter VARYING 
inversely as the square of the distance, whilst it stands as a full 
definition of the power, is inconsistent with the principle of the 
conservation of force. If we accept the principle, such a defini- 
tion must be an imperfect account of the whole of the force, and 
is probably only a description of one exercise of that power, 
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whatever the nature of the force itself may be. If the definition 
be accepted as tacitly including the conservation of force, then it 
ought to admit that consequences must occur during the sus- 
pended or diminished degree of its power as gravitation equal in 
importance to the power suspended or hidden; being, in fact, 
equivalent to that diminution. It ought also to admit that itis 
incompetent to suggest or deal with any of the consequences of 
that changed part or condition of the force, and cannot tell 
whether they depend on, or are related to, conditions external or 
internal to the gravitating particle ; and, as it appears to me, can 
say neither yes nor no to any of the arguments or probabilities 
belonging to the subject. 

If the definition denies the occurrence of such contingent results, 
it seems to me to be unphilosophical ; if it simply ¢gnores them, 
I think it is imperfect and insufficient ; if it admits these things, 
or any part of them, then it prepares the natural philosopher to 
look for effects and conditions as yet unknown, and is open to 
any degree of development of the consequences and relations of 
power: by denying, it opposes a dogmatic barrier to improve- 
ment; by ignoring, it becomes in many respects an inert thing, 
often much in the way; by admitting, it rises to the dignity of 
a stimulus to investigation, a pilot to human science. 

The principle of the conservation of force would lead us to 
assume, that when A and B attract each other less because of 
increasing distance, then some other exertion of power either 
within or without them is proportionately growing up; and 
again, that when their distance is diminished, as from 10 to 1, the 
power of attraction, now increased a hundredfold, has been pro- 
duced out of some other form of power which has been equiva- 
lently reduced. This enlarged assumption of the nature of 
gravity is not more metaphysical than the half assumption, and 
is, I believe, more philosophical, and more in accordance with all 
physical considerations. The half assumption is, in my view of 
the matter, more dogmatic and irrational than the whole, because 
it leaves it to be understood that power can be created and de- 
stroyed almost at pleasure. 

When the equivalents of the various forms of force, as far as 
they are known, are considered, their differences appear very 
great; thus a grain of water is known to have electric relations 
equivalent to a very powerful flash of lightning. It may there- 
fore be supposed that a very large amount of the force causing 
the phenomena of gravitation may be the equivalent of a very 
small change in some unknown condition of the bodies, whose 
attraction is varying by change of distance. For my own part, 
many considerations urge my mind towards the idea of a cause 
of gravity which is not resident in the particles of matter merely, 
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but constantly in them and all space. I have already put 
forth considerations regarding gravity which partake of this 
idea*, and it seems to have been unhesitatingly accepted by 
Newton +. 

There is one wonderful condition of matter, perhaps its only 
true indication, namely inertia; but in relation to the ordinary 
definition of gravity, it only adds to the difficulty. For if we 
consider two particles of matter at a certain distance apart, 
attracting each other under the power of gravity and free to 
approach, they will approach ; and when at only half the distance 
each will have had stored up in it, because of its inertia, a certain 
amount of mechanical force. This must be due to the force 
exerted; and, if the conservation principle be true, must have 
consumed an equivalent proportion of the cause of attraction ; 
and yet, according to the definition of gravity, the attractive 
force is not diminished thereby, but increased fourfold, the force 
growing up within itself the more rapidly the more it is oceupied 
in producing other force. On the other hand, if mechanical 
force from without be used to separate the particles to twice 
their distance, this force is not stored up in momentum or by 
inertia, but disappears ; and three-fourths of the attractive force 
at the first distance disappears with it: How can this be? 

We know not the physical condition or action from which 
inertia results; but inertia is always a pure case of the conser- 
vation of force. It has a strict relation to gravity, as appears by 
the proportionate amount of force which gravity can communi- 
cate to the inert body; but it appears to have the same strict 
relation to other forces acting at a distance as those of magnet- 
ism or electricity, when they are so applied by the tangential 
balance as to act independent of the gravitating force. It has 
the like strict relation to force communicated by impact, pull, or 
in any other way. It enables a body to take up and conserve a 
given amount of force until that force is transferred to other 
bodies, or changed into an equivalent of some other form; that 
is all that we perceive in it: and we cannot find a more striking 
instance amongst natural or possible phenomena of the necessity 
of the conservation of force as a law of nature, or one more in 


* Proceedings of the Royal Institution, 1855, vol. ii. p. 10, &c. 

+ “ That gravity should be innate, inherent, and essential to matter, so 
that one body may act upon another at a distance, through a vacuum, with- 
out the mediation of anything else, by and through which their action and 
force may be conveyed from one to another, is to me so great an absurdity 
that I believe no man who has in philosophical matters a competent faculty 
of thinking, can ever fall into it. Gravity must be caused by an agent act- 
ing constantly according to certain laws; but whether this agent be mate- 
rial or immaterial I have left to the consideration of my readers,”—See New- 
ton’s Third Letter to Bentley. 
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contrast with the assumed variable condition of the gravitating 
force supposed to reside in the particles of matter. 

Even gravity itself furnishes the strictest proof of the conser- 
vation of force in this, that its power is unchangeable for the 
same distance ; and is by that in striking contrast with the varia- 
tion which we assume in regard to the cause of gravity, to account 
for the results at different distances. 

It will not be imagined for a moment that I am opposed to 
what may be called the daw of gravitating action, that is, the law 
by which all the known effects of gravity are governed; what I 
am considering, is the definition of the force of gravitation. 
That the result of one exercise of a power may be inversely as 
the square of the distance, I believe and admit ; and I know that 
it is so in the case of gravity, and has been verified to an extent 
that could hardly have been within the conception even of Newton 
himself when he gave utterance to the law; but that the totality 
of a force can be employed according to that law I do not believe, 
either in relation to gravitation, or electricity, or magnetism, or 
any other supposed form of power. 

I might have drawn reasons for urging a continual recollection 
of, and reference to, the principle of the conservation of force 
from other forms of power than that of gravitation; but I think 
that when founded on gravitating phenomena, they appear in 
their greatest simplicity ; and precisely for this reason, that gra- 
yitation has not yet been connected by any degree of converti- 
bility with the other forms of force. If I refer for a few minutes 
to these other forms, it is only to point, in their variations, to the 
proofs of the value of the principle laid down, the consistency of 
the known phenomena with it, and the suggestions of research 
and discovery which arise from it*. Heat, for instance, is a mighty 
form of power, and its effects have been greatly developed; 
therefore assumptions regarding its nature become useful and 
necessary, and philosophers try to define it. The most probable 
assumption is, that it is a motion of the particles of matter; but 
a view, at one time very popular, is, that it consists of a particular 
fluid of heat. Whether it be viewed in one way or the other, the 
principle of conservation is admitted, I believe, with all its force. 
When transferred from one portion to another portion of like 
matter, the full amount of heat appears. When transferred to 
matter of another kind, an apparent excess or deficiency often 
results; the word “capacity ” is then introduced, which, whilst 
it acknowledges the principle of conservation, leaves space for 
research. When employed in changing the state of bodies, the 
appearance and disappearance of the heat is provided for con- 


* Helmholtz, “On the Conservation of Force,” Taylor’s Scientific Me- 
moirs, 2nd series, 1853, p. 114. 
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sistently by the assumption of enlarged or diminished motion, or 
else space is left by the term “capacity” for the partial views 
which remain to be developed. When converted into mechanical 
force, in the steam- or air-engine, and so brought into direct 
contact with gravity, being then easily placed in relation to it, 
still the conservation of force is fully respected and wonderfully 
sustained. The constant amount of heat developed in the whole 
of a voltaic current described by M. P. A. Favre*, and the pre- 
sent state of the knowledge of thermo-electricity, are again fine 
partial or subordinate illustrations of the principle of conserva- 
tion. Even when rendered radiant, and for the time giving no 
trace or signs of ordinary heat action, the assumptions regarding 
its nature have provided for the belief in the conservation of 
force, by admitting either that it throws the ether into an equi- 
valent state, in sustaining which for the time the power is en- 
eaged, or else that the motion of the particles of heat is em- 
ployed altogether in their own transit from place to place. 

It is true that heat often becomes evident or insensible in a 
manner unknown to us; and we have a right to ask what is 
happening when the heat disappears in one part, as of the 
thermo-voltaic current, and appears in another; or when it en- 
larges or changes the state of bodies ; or what would happen, if 
the heat being presented, such changes were purposely opposed. 
We have a right to ask these questions, but not to ignore or 
deny the conservation of force ; and one of the highest uses of 
the principle is to suggest such inquiries, Explications of similar 
points are continually produced, and will be most abundant from 
the hands of those who, not desiring to ease their labour by 
forgetting the principle, are ready to admit it either tacitly, or 
better still, effectively, bemg then continually guided by it. Such 
philosophers believe that heat must do its equivalent of work : 
that if in doing work it seem to disappear, it is still producmg 
its equivalent effect, though often in a manner partially or totally 
unknown; and that if it give rise to another form of force (as 
we imperfectly express it), that force is equivalent in power to 
the heat which has disappeared, 

What is called chemical attraction affords equally instructive 
and suggestive considerations in relation to the principle of the 
conservation of force. The indestructibility of individual matter 
is one case, and a most important one, of the conservation of 
chemical force. A molecule has been endowed with powers 
which give rise in it to various qualities ; and these never change, 
either in their nature or amount. A particle of oxygen is ever 
a particle of oxygen—nothing can in the least wear it. If it 
enters into combination and disappears as oxygen,—if it pass 


* Comptes Rendus, 1854, vol. xxxix. p. 1212. 
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through a thousand combinations, animal, vegetable, mineral— 
if it lie hid for a thousand years and then be evolved, it is oxygen 
with its first qualities, neither more nor less. It has all its ori- 
ginal force, and only that; the amount of force which it disen- 
gaged when hiding itself has again to be employed in a reverse 
direction when it is set at liberty; and if hereafter we should 
decompose oxygen, and find it compounded of other particles, 
we should only increase the strength of the proof of the conser- 
vation of force ; for we should have a right to say of these par- 
ticles, long as they have been hidden, all that we could say of 
the oxygen itself. 

Again, the body of facts included in the theory of definite 
proportions, witnesses to the truth of the conservation of force ; 
and though we know little of the cause of the change of proper- 
ties of the acting and produced bodies, or how the forces of the 
former are hid amongst those of the latter, we do not for an 
instant doubt the conservation, but are moved to look for the 
manner in which the forces are for the time disposed ; or if they 
have taken up another form of force, to search what thatform may be. 

Even chemical action at a distance, which is in such antithe- 
tical contrast with the ordinary exertion of chemical affinity, since 
it can produce effects miles away from the particles on which 
they depend, and which are effectual only by forces acting at in- 
sensible distances, still proves the same thing,—the conservation 
of force. Preparations can be made for a chemical action in the 
simple voltaic circuit, but until the circuit be complete that action 
does not occur; yet in completing we can so arrange the circuit, 
that a distant chemical action, the perfect equivalent of the do- 
minant chemical action, shall be produced; and this result, 
whilst it establishes the electro-chemical equivalent of power, 
establishes the principle of the conservation of force also, and at 
the same time suggests many collateral inquiries which have yet 
to be made and answered, before all that concerns the conserva- 
tion in this case can be understood. 

This and other instances of chemical action at a distance, carry 
our inquiring thoughts on from the facts to the physical mode 
of the exertion of force; for the qualities which seem located and 
fixed to certain particles of matter, appear at a distance in con- 
nexion with particles altogether different. They also lead our 
thoughts to the conversion of one form of power into another: 
as, for instance, in the heat which the elements of a voltaic pile 
may either show at the place where they act by their combustion 
or combination together ; or in the distance, where the electric 
spark may be rendered manifest; or in the wire or fluids of the 
different parts of the circuit. 

When we occupy ourselves with the dual forms of power, elec- 
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tricity and magnetism, we find great latitude of assumption ; 
and necessarily so, for the powers become more and more com- 
plicated in their conditions. But still there is no apparent desire 
to let loose the force of the principle of conservation, even in 
those cases where the appearance and disappearance of force may 
seem most evident and striking. Electricity appears when there 
is consumption of no other force than that required for friction ; 
we do not know how, but we search to know, not being willing 
to admit that the electric force can arise out of nothing. The 
two clectricities are developed in equal proportions ; and having 
appeared, we may dispose variously of the influence of one upon 
successive portions of the other, causmg many changes in rela- 
tion, yet never able to make the sum of the force of one kind in 
the least degree exceed or come shert of the sum of the other. 
In that necessity of equality we see another direct proof of the 
conservation of force, in the midst of a thousand changes that 
require to be developed in their principles before we can consider 
this part of science as even moderately known to us. 

One assumption with regard to electricity is, that there is an 
electric fluid rendered evident by excitement in plus and minus 
proportions. Another assumption is, that there are two fluids of 
electricity, each particle of each repelling all particles like itself, 
and attracting all particles of the other kind always, and with a 
force proportionate to the inverse square of the distance, being 
so far analogous to the definition of gravity. This hypothesis is 
antagonistic to the law of the conservation of force, and open to 
all the objections that have been, or may be; made against the 
ordinary definition of gravity. Another assumption is, that each 
particle of the two electricities has a given amount of power, and 
can only attract contrary particles with the sum of that amount, 
acting upon each of two with only half the power it could in like 
circumstances exert upon one. But various as are the assump- 
tions, the conservation of force (though wanting in the second) 
is, I think, intended to be included in all. I might repeat the 
same observations nearly in regard to magnetism,—whether it be 
assumed as a fluid, or two fluids or electric currents,— whether the 
external action be supposed to be action at a distance, or depend- 
ent on an external condition and lines of force—still all are in- 
tended to admit the conservation of power as a principle to which 
the phenomena are subject. 

The principles of physical knowledge are now so far developed 
as to enable us not merely to define or describe the known, but 
to state reasonable expectations regarding the unknown; and I 
think the principle of the conservation of force may greatly aid 
experimental philosophers in that duty to science, which consists 
in the enunciation of problems to be solved. It will lead us, in 
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any case where the force remaining unchanged in form is altered 
in direction only, to look for the new disposition of the force ; 
as in the cases of magnetism, static electricity, and perhaps gra- 
vity, and to ascertain that as a whole it remains unchanged in 
amount :—or, if the original force disappear, either altogether or 
in part, it will lead us to look for the new condition or form of 
force which should result, and to develope its equivalency to the 
force that has disappeared. Likewise, when force is developed, 
it will cause us to consider the previously existing equivalent to 
the force so appearing; and many such cases there are in che- 
mical action. When force disappears, as in the electric or mag- 
netic induction after more or less discharge, or that of gravity 
with an increasing distance, it will suggest a research as to 
whether the equivalent change is one within the apparently 
acting bodies, or one external (in part) to them. It will also 
raise up inquiry as to the nature of the internal or external state, 
both before the change and after. If supposed to be external, 
it will suggest the necessity of a physical process, by which the 
power is communicated from body to body; and in the case of 
external action, will lead to the imquiry whether, in any case, 
there can be truly action at a distance, or whether the ether or 
some other medium is not necessarily present. 

We are not permitted as yet to see the nature of the source 
of physical power, but we are allowed to see much of the con- 
sistency existing amongst the various forms in which it is pre- 
sented tous. Thus, if in static electricity we consider an act of 
induction, we can perceive the consistency of all other like acts 
of induction with it. If we then take an electric current and 
compare it with this inductive effect, we see their relation and 
consistency. In the same manner we have arrived at a know- 
ledge of the consistency of magnetism with electricity, and also 
of chemical action and of heat with all the former; and if we see 
not the consistency between gravitation with any of these forms 
of force, I am strongly of the mind that it is because of our igno- 
rance only. How imperfect would our idea of an electric cur- 
rent now be if we were to leave out of sight its origin, its static 
and dynamic induction, its magnetic influence, its chemical and 
heating effects? or our idea of any one of these results, if we left 
any of the others unregarded? That there should be a power 
of gravitation existing by itself, having no relation to tie other 
natural powers, and no respect to the law of the conservation of 
Sorce, is as little likely as that there should be a principle of 
levity as well as of gravity. Gravity may be only the residual 
part of the other forces of nature, as Mossotti has tried to show ; 
but that it should fall out from the law of all other force, and 
should be outside the reach cither of further experiment or philo- 
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sophical conclusions, is not probable. So we must strive to learn 
more of this outstanding power, and endeavour to avoid any de- 
finition of it which is incompatible with the principles of force 
generally; for all the phenomena of nature lead us to believe 
that the great and governing law is one. I would much rather 
incline to believe that bodies affecting each other by gravitation 
act by lines of force of definite amount (somewhat in the manner 
of magnetic or electric induction, though without polarity), or 
by an ether pervading all parts of space, than admit that the 
conservation of force could be dispensed with. 

It may be supposed that one who has little or no mathema- 
tical knowledge should hardly assume a right to judge of the 
generality and force of a principle such as that which forms the 
subject of these remarks. My apology is this: I do not perceive 
that a mathematical mind, simply as such, has any advantage 
over an equally acute mind not mathematical, in perceiving the 
nature and power of a natural principle of action. _[t cannot of 
itself introduce the knowledge of any new principle. Dealing 
with any and every amount of static electricity, the mathematical 
mind can, and has balanced and adjusted them with wonderful 
advantage, and has foretold results which the experimentalist 
can do no more than verify. But it could not discover dynamic 
electricity, nor electro-magnetism, nor magneto-electricity, or 
even suggest them; though when once discovered by the expe- 
rimentalist, it can take them up with extreme facility. So im 
respect of the force of gravitation, it has calculated the results 
of the power in such a wonderful manner as to trace the known 
planets through their courses and perturbations, and in so doing 
has discovered a planet before unknown ; but there may be results 
of the gravitating force of other kinds than attraction inversely 
as the square of the distance, of which it knows nothing, can 
discover nothing, and can neither assert nor deny their possibility 
or occurrence. Under these circumstances, a principle which 
may be accepted as equally strict with mathematical knowledge, 
comprehensible without it, applicable by all in their philosophical 
logic, whatever form that may take, and above all, suggestive, 
encouraging, and instructive to the mind of the experimentalist, 
should be the more earnestly employed and the more frequently 
resorted to when we are labouring either to discover new regions 
of science, or to map out and develope those which are known 
into one harmonious whole; and if im such strivings we, whilst 
applying the principle of conservation, see but imperfectly, still 
we should endeavour to see, for even an obscure and distorted 
vision is better than none. Let us, if we can, discover a new 
thing in any shape; the true appearance and character will be 
easily developed afterwards. 
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Some are much surprised that I should, as they think, venture 
to oppose the conclusions of Newton: but here there is a mis- 
take. I do not oppose Newton on any point; it is rather those 
who sustain the idea of action at a distance that contradict him. 
Doubtful as I ought to be of myself, I am certainly very glad to 
feel that my convictions are in accordance with his conclusions. 
At the same time, those who occupy themselves with such mat- 
ters ought not to depend altogether upon authority, but should 
find reason within themselves, after careful thought and consi- 
deration, to use and abide by their own judgement. Newton 
himself, whilst referrimg to those who were judging his views, 
speaks of such as are competent to form an opinion in such mat- 
ters, and makes a strong distinction between them and those who 
were incompetent for the case. 

But after all, the principle of the conservation of force may by 
some be denied. Well, then, if it be unfounded even in its ap- 
plication to the smallest part of the science of force, the proof 
must be within our reach, for all physical scienceis so. In that 
case, discoveries as large or larger than any yet made may be 
anticipated. I did not resist the search for them, for no one 
can do harm, but only good, who works with an earnest and 
truthful spirit in such a direction. But let us not admit the 
destruction or creation of force without clear and constant proof. 
Just as the chemist owes all the perfection of his science to his 
dependence on the certainty of gravitation applied by the balance, 
so may the physical philosopher expect to find the greatest 
security and the utmost aid in the principle of the conservation 
of force. All that we have that is good and safe, as the steam- 
engine, the electric telegraph, &c., witness to the principle,—it 
would require a perpetual motion, a fire without heat, heat 
without a source, action without reaction, cause without effect, 
or effect without a cause, to displace it from its rank as a law of 
nature. 


XXXVI. On the Chemical Composition of the Waters of the St. 
Lawrence and Otiawa Rivers. By T. Sturry Hunt, of the 
Geological Survey of Canada*. 


heer study of the chemical composition of the waters of great 

rivers offers many points of interest, whether considered 
in relation to the disintegration and solution of existing rock 
formations, the formation of new deposits, or the part which 
these waters play in the economy of animal and vegetable life. 


* From the unpublished Report of the Survey for 1854. Communicated 
by the Author. 
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The following analyses were made by me, three years since, of 
the waters of the St. Lawrence, and its great tributary the Ottawa, 
and will serve to illustrate several important facts hitherto but 
little noticed. 

The waters were collected at the close of the winter season, 
after three or four months of frost, and before the melting of the 
snows, and were taken at some distance from the shores, where a 
rapid current prevented the ice from formimg. The water of the 
Ottawa was collected on the 9th of March, 1854, at St. Anne, 
near the head of the island of Montreal; the temperature of the 
water here flowing from beneath the ice was 33° F., that of the 
air bemg the same. The water was entirely free from all sedi- 
ment, and had a pale amber-yellow colour, very distinct in masses 
of 6 inches ; when heated, this colour deepens ; and by boiling, 
a bright brown precipitate appears, which, when the water is eva- 
porated to one-tenth, is seen to consist of small, brilliant, iri- 
descent scales. These are not gypsum, of which the water does 
not contain a trace, but consist of silica with lime, magnesia, 
carbonic acid, and organic matter. Meanwhile the water becomes 
much more highly coloured, and exhibits an alkaline reaction 
with test-papers. When the above precipitate is boiled with a 
dilute solution of potash, it is in part dissolved, and the alkaline 
liquid acquires a deep brown colour, which is rendered paler by 
an excess of acetic acid. Acetate of copper yields no precipitate 
with the acidulated liquid ; but on subsequently adding carbonate 
of ammonia and applying heat, a minute white precipitate ap- 
pears to indicate the crenic acid of Berzelius. This, however, 
corresponds to but a small portion of the organic matter present 
in the water, where it probably exists chiefly in the form of 
humic acid, or some analogous compound. 

The recent water, mingled with hydrochloric acid and a salt 
of baryta, is at first clear, but after an hour becomes turbid from 
the precipitation of a trace of sulphate. With nitric acid and 
nitrate of silver, a slight milkiness from the presence of chloride 
is perceptible. The chlorine and sulphuric acid were determined 
upon four litres of the water, reduced by evaporation to a small 
volume, and acidulated with nitric or hydrochloric acid. The 
precipitate obtained with nitrate of silver and a few drops of 
nitric acid in the evaporated water, was scanty and reddish co- 
loured; after twelve hours of repose, it was separated, washed, 
and dissolved on the filter by caustic ammonia ; from the coloured 
liquid thus obtained, the chloride of silver was thrown down by 
a considerable excess of nitric acid, while an organic salt of silver 
remained in solution. 

The brown matter precipitated by boiling being dissolved in 
hydrochloric acid, the solution was decolorized by boiling with 
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chlorate of potash. By evaporation a portion of silica separated, 
and the solution gave with ammonia a colourless precipitate, 
which was in great part soluble in potash, and contained alumina ; 
redissolved in hydrochloric acid, however, it gave with a sulpho- 
cyanide evidence of the presence of peroxide of iron, and with 
molybdate of ammonia an abundant yellow precipitate, indicating 
phosphoric acid. Heated on silver foil with caustic potash, the 
aluminous precipitate gave a distinct manganese reaction. 

When the Ottawa water is evaporated to dryness in a platinum 
capsule with an excess of hydrochloric acid, and the residuum 
treated with dilute acid, there remains a large amount of silica, 
coloured brown by organic matter. It becomes white by ignition, 
and is then perfectly pure, and equals one-third of the whole 
solid matters present. A portion of the water was evaporated 
to one-fortieth and filtered; when further evaporated to one- 
fourth, it deposited on the platinum vessel an opake film, which 
was but partially soluble in hydrochloric acid. The liquid was 
now dark brown, and reddened turmeric-paper. Evaporated to 
dryness and ignited, the portion soluble in water was strongly 
alkaline to test-papers, and perceptibly so to the taste. The in- 
soluble portion was decomposed by hydrochloric acid without 
effervescence, pulverulent silica separated, while the acid retained 
in solution a portion of lime, but no magnesia. 

The residue from the evaporated water is deep brown in colour ; 
when ignited, it diffuses an agreeable vegetable odour, and a 
little carbon remains. The water was not examined for nitrates ; 
but the absence of any deflagration during the ignition showed, 
that, if present, they were in smallamount. The season at which 
the water was collected, at the close of a long winter, could more- 
over scarcely be supposed ‘to favour the presence of nitrates. 
The following numbers are deduced from two or more concord- 
ant determinations made upon two and four litres of water, and 
calculated for ten litres, or 10,000 grms. :— 


Carbonate of ime . . . . °2480 gm. 
Carbonate of magnesia. . . *0696 ... 
Chionne? 0.) aes 4 *. 60076 via 
Sulphuricacid . . . . . *O161 wo 
Silica Site rier el fay Shh be fe ‘2060 eos 
Chloride of sodium . . . . *0607 
Chloride of potassium . . . ‘0293 ov 
Residue dried at 300° F. . . *6975 ... 
Residue ignited . . . « « “5340 ove 


The amount of silica remaining dissolved in the water, evapo- 
rated to one-twentieth, was found in two experiments to be 0:019 
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and 0:020 grm. for four litres, thus giving a mean for ten litres 
of 0:046 grm, silica retained in solution, while the amount of lime 
remaining dissolved in the water thus evaporated was equal to 
0:023 grm., for the same quantity. 

The quantities of chlorine and sulphuric acid in this water are 
sufficient to neutralize only about one-half of the alkalies present; 
the remaining part must, like the lime and magnesia, be regarded 

“as existing in combination with silica, carbonie acid, or the 
organic acids whose presence we have indicated. To show the 
relations of the bases to the chlorine and sulphurie acid, we have 
in the following Table calculated the earthy bases and the excess 
of alkalies as carbonates, thus giving necessarily an excess in the 
sum of the weights over that of the ignited residue. 


Carbonate oflime . . . . ‘2480 grm. 
Carbonate of magnesia. . . *0696... 
ile Plctent an aang tad eh Selmeibarame 5! cre 
Chloride of potassium . . . ‘0160... 


Sulphate of potassa. . . . ‘O122... 
Sulphate of soda. . . . . °0188... 
Carbonate of soda . . . . ‘O410... 
Alumina, phosphoric acid. . t 

: : races 
Oxides of iron and manganese 


‘6116 eee 


The water of the St. Lawrence was collected on the 30th of 
March, 1854, on the south side of the Pointe des Cascades, Van- 
dreuil. It was clear and transparént, and, unlike the Ottawa 
water, exhibited no colour in masses several inches in thickness. 
The recent water gives a considerable precipitate of sulphate of 
baryta, anda distinct one of chloride of silyer with the proper 
tests. When boiled it lets fall an abundant precipitate, which, 
unlike that from the water of the Ottawa, incrusts the vessel. A 
little yellowish flocculent matter remains suspended in the con- 
centrated water, which is only slightly coloured, and the dried 
residue contains much less organic matter than the previous 
water. The residue from two litres dissolved in hydrochloric 
acid, sufficed to give distinct reactions of iron and manganese. 
The ammoniacal precipitate from this solution was in great part 
soluble in potash, and was alumina, From a second portion of 
two litres a precipitate of phosphate was obtained with molyb- 
date of ammonia; less abundant, however, than from the same 
volume of the Ottawa water. The following results were obtained 
from 10,000 parts :— 
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Carbonate of lime . . . . +8033 grm. 


Carbonate of magnesia. . . ‘25387 ... 
Chloringige Jose. io. 1 MORAD THs 
Sulphuric acid . . . . . *0687 ... 
ilies 2 Sere cet 26 . vans 7OOuive 
Chloride of sodium . . . . °1280 ... 
Chloride of potassium . . . *0220... 
Residue dried at 300° F. . . 1°6780 ... 
Residue ignited . . . . . 15880... 


When evaporated to one-fortieth, the water still contains in 
solution silica and lime, but no magnesia; the amount of silica 
thus retained was 0-750, and the lime equalled 0-050 of carbon- 
ate for ten litres, The proportions of sulphuric acid and chlo- 
rine are much larger than in the Ottawa water, but are insuffi- 
cient to neutralize the alkaline bases; so that the lime in the 
evaporated water must exist in combination with organic acids, 
or more probably as a soluble silicate. I subjoin the calculated 
results of the analysis for 10,000 parts, the lime and magnesia 
being represented as carbonates :— 


Carbonate of lime . . . . *8083 grm. 
Carbonate of magnesia. . . °2537 «.. 
Baling sie a citie cast aon aie Pt ROT OO oe 
Chloride of potassium . . . ‘0220... 
Chloride of sodium. . . . °0225 ... 
Sulphate of soda... . 11229... 
Carbonate of soda . . » » ODEs ons 


Oxide of iron and manganese . 


Alumina and phosphoric acid . a 


The presence of silicate of lime in an alkaline solution is con- 
stantly met with in the analysis of alkaline mineral waters. I 
have signalized it in the Varennes, Chambly, and Fitzroy springs; 
and Dr. J. L. Smith has remarked a similar fact in his examina- 
tions of the thermal springs of Asia Minor*. I have found that 
if such a water is evaporated to dryness with the precipitated 
carbonates in suspension, the whole of the silica is separated in 
combination with the earthy bases; but if the earthy carbonates 
at first thrown down by boiling are removed, there separates 
upon subsequent evaporation a silicate of lime, which does not, 
however, contain the whole of the dissolved silica, a portion re- 
maining as an alkaline silicate. 

Bischoff has shown that artificial silicate of lime, which is 
somewhat soluble in water, is decomposed by carbonate of mag- 


* American Journal of Science (2), vol. xii. p. 377. For similar obser- 
vations see also Bischoff’s ‘Chemical Geology,’ English edition, vol. i. p. 5. 
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nesia with the formation of a very insoluble magnesian silicate ; 
and I have found that by boiling the artificial hydrocarbonate of 
magnesia with a solution of silicate of soda, this salt may be 
completely decomposed with the formation of carbonate of soda 
and an insoluble silicate of magnesia which gelatinizes with 
acids*, 

We may then suppose in the recent mineral waters the pre- 
sence of silicates and bicarbonates of soda, lime and magnesia ; 
but on boiling, the earthy carbonates are precipitated (with some 
silicate), while the dissolved silicates of lime and soda are slowly 
decomposed as the liquid evaporates by the carbonate of mag- 
nesia, with formation of carbonates of soda and lime, and silicate 
of magnesia, until the whole of the silicic acid is removed from 
the solution. The organic acids of the river-waters do not play 
any important part in these reactions, for the same phenomena 
are observed in the waters of alkaline springs which contain only 
insignificant traces of organic matters. It is worthy of remark, 
that in these waters the amount of carbonic acid is not nearly 
sufficient to form bicarbonates with the lime, magnesia, and soda 
uncombined with sulphuric acid or chlorine. And I have sug- 
gested, in my analysis of the Caledonia springs, that the mag- 
nesia and soda are present as a double carbonate, whose existence 
in a dilute solution seems compatible with a dissolved silicate+. 

The comparison of the two river-waters whose analysis we 
have just given, shows the following differences :—The water of 
the Ottawa, containing little more than one-third as much solid 
matter as the St. Lawrence, is impregnated with a much larger 
proportion of organic matter derived from vegetable decomposi- 
tion, and a larger amount of alkalies uncombined with chlorine 
or sulphuric acid. Of the alkalies im the state of chlorides, the 
potassium salt in the Ottawa constitutes 32 per cent., and in the 
St. Lawrence only 15 per cent.; while in the former the silica 
equals 34, and in the latter 23 per cent. of the ignited residue. 

The Ottawa river drains a region of crystalline rocks, and the 
alkalies liberated by the decomposition of the felspars of these 
rocks give their character to its waters; the extensive vegetable 
decomposition evidenced by the organic matters in solution must 
also contribute a portion of potash; while the basins of the great 
lakes through which the St. Lawrence flows are excavated in 
palzeozoie strata which abound in limestones rich im salt and 
gypsum, and have given to the water of this river that predomi- 


* See also Kuhlmann, Comptes Rendus de l Acad. December 3, 1855, 
p. 981, “ On the Decomposition of Alkaline Silicates by Chalk.” 

+ Geological Survey Report, 1848, pp. 146, 147. Ditto, 1851, p. 52. 
Ditto, 1852, p. 115. Ditto, 1853, p. 155. Also Comptes Rendus de V Acad. 
August 20, 1855, 
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nance of soda, sulphuric acid, and chlorine, which distinguishes 
it from the Ottawa. It is an interesting geographical feature of 
these two rivers, that they each pass through a series of great 
lakes in which the waters are enabled to deposit their mechanical 
impurities, and thus are rendered remarkably clear and trans- 
parent. 

The presence of large amounts of silica in river-waters is a 
fact but recently established. Until the late analyses by H. 
St.-Claire Deville of the rivers of France*, the silica in water 
had generally been overlooked wholly or in great part; and, as 
he suggests, had, from the mode of analysis, been confounded 
with gypsum. (The purity of the silica in all my determinations 
was established by the blowpipe.) The importance in an agri- 
cultural point of view of this large amount of dissolved silica, 
where river-waters are employed for the irrigation of the land, is 
very great: and geologically, the fact is not less significant, as 
it marks a decomposition of the siliceous rocks by the action of 
waters holding in solution carbonic acid, and the organic acids 
arising from the decay of vegetable matters, which, dissolving the 
alkalies, the lime and magnesia, from the native silicates, liberate 
the silicic acid in a soluble form. Silica is never wanting in 
natural waters, whether neutral or alkaline, although proportion- 
ally less abundant in neutral waters which contain large amounts 
of earthy ingredients. The alumina, whose presence is not less 
constant, although in much smaller quantity, appears equally to 
belong to the soluble constituents of the waters. The amount 
of dissolved silica annually carried to the sea by the rivers must 
be very great; yet sea-water, according to Forchammer, does 
not contain any considerable quantity in solution; it doubtless 
goes to form the shields of Infusoria, and may play an important 
part in the consolidation of the ocean sediments and the silifica- 
tion of organic remains. 

Montreal, March 1, 1857. 


XXXVII. On a Problem in the Partition of Numbers. 
By A. Cayiey, Esq.t+ 


T is required to find the number of partitions into a given 
number of parts, such that the first part is unity, and that 
no part is greater than twice the preceding part. 
Commencing to form the partitions in question, these are 


eae Las 1 1 ee. ; 
Vo d Lg 2 2 ie 
121234 


* Annales de Chimie et de Physique, 1848, vol. xxii. p. 32; 
+ Communicated by the Author. 
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and if we were to proceed to the 4-partitions, each 3-partition 
ending in 1 would give rise to two such partitions; each 3-par- 
tition ending in 2 to four such partitions ; each 3-partition end- 
ing in 8 to six such partitions; and each 3-partition ending in 
4 to eight such partitions. We form in this manner the Table— 


| Ending in 
N Totals. 
umber of |1| 2/3! 4/5/6/7|8|9 {10|11)12/13|14)/15]16 

1-partitions.| 1 1 
2-partitions.| 1) 1 2 
3-partitions.| 2) 2) 1) 1 6 
4-partitions.) 6) 6) 4) 4) 2) 2) 1 1 26 
5-partitions. 26/26|20)20)14/1410,10| 6} 6| 4) 4/2)2)1)1] 166 
&e. 
And we are thus led to the series 

1 

1.2 

1, 2, 4, 6 

1, 2, 4, 6, 10, 14, 20, 26 

&e. ; 


where, considering O as the first term of each series, the first 
differences of any series are the terms twice repeated of the next 
preceding series: thus the differences of the fourth series are 
1, 1, 2, 2, 4, 4, 6, 6. It is moreover clear that the first half 
of each series is precisely the series which immediately precedes 
it. We need, in fact, only consider a single infinite series, 1, 2, 
4, 6, &c. It is to be remarked, moreover, that in the column of 
totals, the total of any line is precisely the first number in the 
next succeeding line. 

Consider in general a series A, B, C, D, E, &c., and a series 
A!, B', C', D!, E’, &c. derived from it as follows :— 


A'=1A 

Bi=2A 
C/=2A+B 
D!’=2A+2B 
H=2A42B+C 
F’=2A42B+42C 
&e. ; 


viz. the first differences of the series 0, A’, B’, C’, D’, E’, &e. are 
A, A, B, B, C, C, &. Then multiplying by 1, 2, 2, &c. and 
adding, we have 
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A! + Bla + Cla? + &e. = (1 +20 +4 227+ ...)(A+ Ba? + Cx*+ &e.) 


=F te (A+ Be 24 Cat+ &e.). 


And if we form in a similar manner A", B’, OC", D", &c. from 
A!, B', C’, D’, &c. and so on, we have 


A" 4 Ble 4 OMe? + &e. = —_ 1? (Al 4 Blo? 4 Clot + &e.) 


_1l+#1+2? 
~ J —2 I—2? 


and soon. Write A=1, and suppose me the process is repeated 
an indefinite number of fies we have 


1+z#.1+2?.1+2*. &e. 

2 = 

14+8B24+C€z + Ba? + &e. = 7 Fie ee 
And the coefficients 1, 8, €, B, &c. are precisely those of the 
infinite series 1, 2, 4, 6, &e. We have more simply 


L 
(1—a)?(1 —@) (1 —a*) (1 —2*) &e’ 


which oe rise to the following very simple algorithm for the 
calculation of the coefficients :— 


BiB, Byiidy.) By, By Fes)8q: Gon L0n.Ldy, 139 1B, b4,, 185 P26 
31, 2, 4, 6, 9,12, 16, 20, 25, 80, 36, 42, 49, 56 


0 
1, 2, 4, 6, 9,12, 16, 20, 25, 30, 36, 42, 49, 56, 64, 72 
0, 0, 0;-1, 2, 4, 6,10, 14, 20, 26, 35, 44, 56, 68 


1 

1 6, 10, 14, 20, 26, 35, 44, 56, 68, 84, 100, 120, 140 

0, 0, 0, 0, 0, 0, 0, 0; 1, 2 4, 6,10, 14, 20, 26 
2| 4, 6 0 


1|2| 4, 6|10, 14, 20, 26] 36, 46, 60, 74, 94, 114, 140, 166 
&e. 


The last line is marked off into periods of (reckoning from the 
beginning) 1, 2, 4, 8, &c.; and by what has preceded, the series 
which gives the number of 1-partitions, 2-partitions, 3-partitions, 
&c. is found by summing to the end of each Lpenod and doubling 
the results; we thus, in fact, obtain (1), 2, 6, 26, 166, 1626, 
&c.: and the same series is also given by means of the last terms 
of the several periods. 

The preceding expression for 1+%a2+€z?+ &c. shows that 
%, €, &e. are the number of partitions of 1, 2, 3, 4, 5, 6, &e. 
respectively into the parts 1, 1', 2, 4, 8, &e, : and we are thus 
led to— 

_ Theorem. The number of w-partitions (first part unity, no part 


yaa + Bat + Ca + &e.), 


os Asean &e. = 
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greater than twice the preceding one) is equal to the number of 
partitions of 2°~'—1 into the parts 1, 1', 2, 4,...2°-7. Or, 
again, it is equal to twice the sum of the number of partitions of 
O, 1, 2, ...2°-?—1 respectively into the parts 1, 1/, 2, 4,...2°-° 
(where the number of partitions of 0 counts for 1). 

For example, the partitions of 0, 1, 2, 3, &c. with the parts 
1, Pre cake 


(.) 

| Rar 'y 

14-0 dd! De 2 

14141, 1414175 14141), V+, 241, 24175 


the numbers of which are 1, 2, 4, 6. Hence, by the first part 
of the theorem, the number of 3-partitions is 6, and by the 
second part of the theorem, the number of 4-partitions 1s 


Q(1+2+4+4 6) =26. 


2 Stone Buildings, 
March 17, 1857. 


XXXVITI. On the Connexion of Catalytic Phenomena with 
Allotropy. By C. 8. ScuénBein*. 


“pues number of the phenomena hitherto made known which 

have been named catalytic, or actions by contact, has 
already become tolerably large, and will daily increase. Both 
Berzelius, who was the first to direct attention to these enigma- 
tical phenomena, and Mitscherlich, who has also devoted much 
time to their investigation, have carefully abstamed from ex- 
pressing even an opinion as to their ultimate cause. For if the 
one used the word “ Catalysis,” and the other the expression 
“ Action by contact,” neither, if I have rightly understood them, 
considered these terms to imply any explanation. A peculiar 
class of facts was to be briefly distinguished ; and if these names 
have been misused in science, these illustrious inquirers are cer- 
tainly not to blame. 

I am of opinion that the time is now come when many of the 
catalytic phenomena may be better understood than hitherto ; 
that is, may be referred to another series of facts which have 
been made known within the last few years. I allude to the 
remarkable capacity which many simple bodies possess of under- 
going, under the influence of imponderable and ponderable 
agents, essential changes in the complex whole of their proper- 
ties. This kind of material change Berzelius has distinguished 


* Translated by Dr. E. Atkinson from Poggendorff’s Annalen, vol.c.p. 1. 
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by the word “Allotropy,” and in what follows it will be 
attempted to refer a number of catalytic phenomena to allo- 
tropic conditions. 

I must first of all adduce, as a most remarkable fact, that the 
greatest number and the most striking actions of contact are to 
be observed in oxygen compounds, of which peroxide of hydrogen 
affords the most instructive example. 

A series of simple substances, as, for instance, platinum, gold, 
iridium, silver, carbon, &c., without materially taking part in 
the decomposition, decompose this compound into water and 
common oxygen gas. Other catalysing substances of a com- 
pound nature, in decomposing the peroxide of hydrogen, suffer 
themselves a decomposition, as, for instance, the oxides of the 
previously-mentioned metals, which, as is well known, are com- 
pletely reduced; or a number of metallic peroxides which lose part 
of their oxygen, as, for instance, the puce oxide of lead, the black 
oxide of manganese, &e. 

Since their discovery by Thenard, these phenomena of decom- 
position have justly excited much attention, on account of their 
unusual character, and they have been the chief means of direct- 


_ ing the theoretical chemist to the investigation of catalytic phe- 


nomena. The catalysis of peroxide of hydrogen may therefore 
be considered as a fundamental phenomenon with just as much 
reason, as we look upon the electrolysis of water as the type of 
all electro-chemical decompositions. 

Now, if it were possible to make out the ultimate cause of the 
catalytic decomposition of peroxide of hydrogen, we might also 
be able to understand that of the catalysis of other, at any rate 
of oxygen compounds ;—in the same manner as the correct 
explanation of the electrolysis of water necessarily leads also 
to the explanation of the electrolytic decomposition of all oxygen 
compounds, of potash, of oxide of lead, &c. 

For this reason, therefore, I will select the peroxide of hy- 
drogen as the subject on which to make the attempt to esta- 
blish the views on the relation of catalysis to allotropy, which 
I have in past years incidentally brought forward on various 
occasions. 

So long as that fact was still unknown, the establishment of 
which I hold to be the greatest discovery which has been made 
in modern times in the field of chemistry, the fact, namely, that 
simple bodies are capable of existing in very different conditions, 
not only in respect of their chemical, but of their physical rela- 
tions, so long there could be no hope of obtaining an insight 
into the ultimate reason of catalysis, because, in my opinion, 
the direct cause of this phenomenon is to be sought in allotropic 
relations. 
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That oxygen also belongs to the number of allotropic elements 
may now, I think, be considered as certain, as the allotropism of 
carbon, of sulphur, phosphorus, &c. And I have repeatedly 
endeavoured to show, that not only free, but also chemically 
combined oxygen may exist in two different allotropic modifica- 
tions ; as chemically active and passive, as ozonized and common 
oxygen, or as O and O. 

With respect to the second equivalent of oxygen in peroxide 
of hydrogen, there appears to me to be no doubt that it exists in 
the ozonized condition; from the simple reason, indeed, that it 
produces oxidizing actions, which free ozonized, but not common 
oxygen, is able to effect. 

Of free O, my experiments have shown that it may be con- 
verted into O not only by heating, but also by contact with 
certain substances; as, for example, carbon, the oxides of the 
noble metals, the peroxides of lead, manganese, iron, &e., at 
ordinary temperatures. £ 

If now, as I assume, peroxide of hydrogen be really HO+0, 
if the free O can be changed into O by carbon, peroxide of man- 
ganese, &c., and further, if it be the fact that carbon, &c. changes 
HO + O into HO+0, it appears to me in the highest degree 
probable that the ultimate cause of the catalysis of the peroxide 
of hydrogen, effected by the above substances lies im the conver- 
sion of the O of this compound into O. 

It is well known that water and common oxygen cannot be 
united to form the peroxide, and that the latter must exist in the 
O condition to be capable of uniting with HO. That oxygen 
at the moment of its electrolytic separation from hydrogen 
is in this condition, is an admitted fact, and also that a part 
of this oxygen combines at the positive electrode with water 
to form HO+0, whilst another part becomes free; by far the 
greatest part, however (probably under the influence of the 
platinum), is converted into ordinary oxygen. Peroxide of ba- 
rium also contains the half of its oxygen asO, and every chemist 
knows that with the aid of a strong acid this O may be trans- 
ferred to the HO; upon this reaction, indeed, the usual pre- 
paration of peroxide of hydrogen is founded. 

But if Q, as such, can form no chemical compound with water, 
and only O can do so, it follows that peroxide of hydrogen must 
be decomposed or catalysed by all agents which can transform 
the O of this compound into O; for after OQ has been changed 
into O, its relations to water are altered, and O must be elimi- 
nated. 2 
The change of condition of the O contained in peroxide of hy- 
drogen may, as is well known, be effected so rapidly by heat, that 
the altered oxygen separates from the water with an explosion, 
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and the noble metals and their oxides act in an exactly similar 
manner. But it is also well known that the catalysis of peroxide 
of hydrogen, by whatever means it be effected, always takes place 
with an evolution of heat, from which it appears that this phee- 
nomenon is most closely connected with the conversionof O into O. 

I hold it to be not only possible, but even highly probable, 
that in the transformation of the various conditions of oxygen 
into each other, the relations of this body to heat become changed. 
Or to speak more precisely, that the specific or latent heat of O 
is different from, and indeed greater than, that of O ; from which 
it would follow, that in the transformation of O into O heat 
would be set free. If we had ozonized oxygen in a pure con- 
dition, it would be easy to prove the accuracy of this assumption 
in the most direct manner. Such an oxygen ought, in its de- 
ozonization by means of carbon, peroxide of iron, black oxide of 
manganese, &c., to exhibit an elevation -of temperature in case 
my opinion were well founded. The fact, however, that a con- 
siderable evolution of heat, which amounts in many cases to a 
red heat, takes place in the separation of oxygen from compounds 
in which we may assume the presence of O, appears to me to 
allow the supposition that the immediate cause of this pheno- 
menon is to be sought in the transformation of combined O 
into O. 

In this respect the comportment of chlorate of potash affords 
an extremely instructive example. Just at its point of fusion 
this salt disengages not a trace of oxygen; but if only small 
quantities of peroxide of iron, &c. be added to the melted chlo- 
rate, not merely does a most violent evolution of common oxygen 
take place; but such a strong disengagement of heat occurs that 
the decomposing saline mass becomes heated to redness. 

That active oxygen is contained in the chlorate of potash is 
clearly evident from its powerful oxidizing effects; and because 
the oxygen separated from the salt is O, it must have arisen 
from O. We can therefore scarcely seek for the proximate 
cause of the disengagement of heat which takes place in the 
decomposition of the salt in anything else than in the trans- 
formation of its O into O. 

If the said decomposition consisted merely in a simple sepa- 
ration of the oxygen contained in the salt, then, according to the 
usual physical views not only ought no evolution of heat to take 
place, but a decrease of temperature ought to result, since the 
originally fixed oxygen assumes the gaseous condition. But 
since in reality precisely the contrary occurs, this fact appears to 
me to indicate in the most decisive manner, that in the trans- 
formation of the O of the chlorate of potash into O, the relations 
of oxygen to heat undergo an essential modification. 
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Similar to this salt in its comportment is peroxide of hydrogen, 
which shows a perceptible increase of temperature on its resolu- 
tion into water and common oxygen. And the surprising pheno- 
menon, that the oxides of the noble metals, in catalysing peroxide 
of hydrogen, are themselves decomposed into metal and oxygen, 
might be ascribed, at least partially, to the heat which becomes 
free in consequence of the decomposition of HO®. The circum- 
stance, however, that many of the substances which convert 
free O into O, or catalyse peroxide of hydrogen and chlorate of 
potash, are oxygen compounds which themselves contain O, ap- 
pears to allow the assumption that the combined O, of certain 
substances possesses the property of changing the O of certain 
other compounds into O, undergoing in general themselves the 
same change of condition, so that many compounds containing 
O can mutually catalyse each other. MnO+O and HO+0 both 
lose oxygen by mutual contact; and the temperature at which, 
under these circumstances, O is disengaged from peroxide of 
manganese, is perceptibly lower than that at which this peroxide 
of itself disengages oxygen. 

By using for catalysis peroxide of hydrogen strongly diluted 
with water, the action may take place so slowly that the tem- 
perature of the mixture during the decomposition of the HO? is 
very inconsiderably raised ; and yet experience teaches that even 
under these circumstances the oxides of the noble metals are 
reduced, and the peroxides of lead, manganese, &c. give off a 
part of their oxygen in the O condition. These facts show that 
in the catalysis of peroxide of hydrogen, the oxide of gold, oxide 
of silver, peroxide of lead, &c. are decomposed not only by the 
heat, but by the deozonizing influence which the O of the HO+0O 
exercises on the O associated with the gold, silver, or protoxide 
of lead. Only when concentrated peroxide of hydrogen is cata- 
lysed, can a part of the oxide of gold, &c. used for this purpose 
be decomposed, in consequence of the strong disengagement of 
heat which takes place under these circumstances. 

In respect to the subject of our discussion, the different oxides 
of chlorine possess a special interest, on which account we wili 
submit them to a closer consideration. 

These compounds, as is well known, are distinguished by their 
powerful oxidizing properties ; and it is also a fact, that none of 
them are produced by the direct union of chlorine and common 
oxygen, any more than peroxide of hydrogen can be formed by 
the direct union of water and O, a further reason why I assume 
that the oxygen of the said compounds exists in the O condition. 
But it would also follow, if this supposition be correct, that the 
oxides of chlorine must be,catalysed by all the agents which are 
capable of converting the O of these compounds into O. 
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Now as heat changes free O, as well_as O combined with 
water, into O, it can also transform the © of the several oxides 
of chlorine into O, and, according to my opinion, it can thereby 
effect the splitting up of these compounds,into chlorine and 
common oxygen. The O of ClO, ClO, ClO* undergoes, it is 
known, this change of condition so easily, that it is dangerous 
to handle these substances; for they decompose with detonation 
at temperatures which scarcely reach 100°. 

We know of ClO, that in contact with charcoal powder it 
immediately decomposes into Cl and O. The same powder, 
according to my experiments, instantaneously transforms free O 
into O, and is known to change HO + O rapidly into, HO and O. 
Now it is probable that charcoal decomposes ClO, Cl10°, C104, in 
the same manner that it catalyses peroxide of hydrogen, namely, 
by changing the O of these compounds. 

That chlorate of potash itself may become catalysed, not only 
by heat, but also by a number of ponderable agents, and that 
these substances are the same as those which effect the , catalysis 
of peroxide of hydrogen, or the transformation of free O into O, 
are also now well-known facts, and have been already mentioned. 
Chlorate of potash, not decomposable at its point of fusion, be- 
comes so by the presence of peroxide of manganese, peroxide of 
iron, &e. And my most recent experiments have proved that 
distinct quantities of chlorine are disengaged from an intimate 
mixture of this salt with peroxide of manganese, at a tempera- 
ture which is far below the fusing-point of the chlorate; which 
proves, that under the influence of peroxide of manganese, solid 
chloric acid, even combined with potash, may be catalysed. 

It must appear remarkable, that among the different oxides of 
chlorine precisely that one possesses the smallest oxidizing pro- 
perty, or shows the greatest constancy, which contains the most 
oxygen, namely perchloric acid. It has hitherto been usually con- 
sidered, that when oxygen combines with a body in various rela- 
tions, the first equivalent of oxygen is more intimately united to 
the radical than the second, this than the third, and soon. Butif, 
as the measure for the magnitude of the aflinity existing, for in- 
stance, between chlorine and oxygen, we take the temperatures 
at which the various oxides of the first body, decompose into 
their constituents, this affinity is smaller in ClO,C10%, ClO*,and 
ClO®, than in C107, because the last can still exist at a tempera- 
ture at which the other oxygen compounds of chlorine are de- 
composed. 

In my opinion, this easier or more difficult decomposability of 
the various degrees of oxidation of chlorine does not depend 
upon a weaker or stronger attraction between this body and the 
oxygen, that is, upon a looser or closer union of the oxygen, but 
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first of all, on the weaker or stronger resistance which the O of 
these compounds opposes to its transformation into O, Expe- 
riment shows that the substance associated with O exercises a 
great_influence on the temperature at which this O passes into O. 
The O combined with HO changes into O at a temperature which 
lies far under that at which the O associated with PbO suffers 
the same change. And there are some oxygen compounds whose 
O cannot be transformed into,O, even at the very highest tem- 
peratures; as, for instance, the O of peroxide of iron (Fe? O? +0), 
which O, under certain circumstances, is so readily transferred 
to a series of oxidizable substances. 

From reasons which have been repeatedly expressed by me, I 
consider chlorine itself as a compound containing _O, as peroxide 
of murium (murium superowyd) = MuO +O, whose O, just as little 
as the O of peroxide of iron, can be changed by heat into O; 
for which reason neither the one nor the other decomposes by 
heat, or furnishes oxygen. But if we bring some substance in 
contact with MuO +0, which is disposed to form a compound 
with MuO, as, for instance, HO, KO, &c., the O of the peroxide 
of murium can be transformed, under the simultaneous influence 
of heat or of light, into O, under which circumstances HO, 
MuO (hydrochloric acid) is formed, and common oxygen is set 
free. 

Certain ponderable agents seem also to act upon aqueous 
chlorine in a similar manner to light and heat. If, for instance, 
chlorine gas be allowed at ordinary temperatures to pass through 
a tube filled with moist charcoal powder, such a large quantity 
of hydrochloric acid is formed under tolerably strong increase of 
temperature, that the carbon charged with it gives out in the 
air thick white vapours. After no long time the eyolution of 
heat ceases, but with it the formation of hydrochloric acid, and 
the chlorine passes now unchanged over the moist charcoal. 
The production of this acid takes place also with tolerable rapidity 
if charcoal powder be shaken with chlorine water, in which case 
a given quantity of the former changes only a determinate quan- 
tity of the chlorine into hydrochloric acid; and when this has 
taken place, the charcoal comports itself in the latter as in the 
former case, quite indifferently towards chlorme water. This 
inactivity depends upon a coating of hydrochloric acid which 
adheres very closely to the particles of charcoal, and can 
only be removed by an intense red heat. When this is effect- 
ed, the charcoal again displays its original activity, that is, 
the capacity of determining even in the cold the formation of 
hydrochloric acid from chlorine and water, to be again lost under 
the cireumstances already mentioned. The loss of this property 
may be compared with the loss by platinum of the property of 
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exploding hydrogen which this metal experiences when dipped 
in certain gases, as sulphuretted hydrogen, seleniuretted hydrogen, 
&c., and which is occasioned by a coating of sulphur, &c. being 
formedabout it. Bythe application of heat, this sulphur is expelled 
just as is the hydrochloric acid from charcoal, and the platmum 
again acquires the property of determining the formation of water 
from oxygen and hydrogen. 

The fact recently ascertained by me, that iodate of potash mixed 
with peroxide of manganese or graphite splits up into free iodine, 
common oxygen, and potash, at a temperature which lies consider- 
ably below the fusing-point of the salt (see the Abhandlungen der 
Naturforschenden Gesellschaft von Basel, part 3, new series), 
also belongs, in my opinion, to the class of catalyti¢ phenomena, 
and depends immediately on a conversion of the O of iodic acid 
into O, 2 

Nitric acid I consider to be a compound of NO? + 30, of which 
three equivalents of ozonized oxygen one is more easily transform- 
ed into O than the other two. It is known of anhydrous nitric 
acid, that it is,much more easily decomposed into hyponitric 
acid (NO?+2Q0) and common oxygen, than even peroxide of 
hydrogen into water and O, for the acid undergoes this decom- 
position with an explosion even at the gentlest heat. 

By the chemical association of this acid with water it certainly 
attains a greater constancy; but even its first hydrate is still 
tolerably easily decomposed by light and heat into hyponitric 
acid and oxygen. Finely-divided charcoal also acts like these 
agents on the monohydrate even at ordinary temperatures, and, 
according to my experiments, even below the freezing-point, 
without the production of an appreciable quantity of carbonic 
acid. It is therefore scarcely to be doubted that charcoal powder 
would catalyse anhydrous nitric acid just as easily as peroxide of 
hydrogen, 

On account of its distinguished oxidizing property, perman- 
ganic acid (Mn? O’ = Mn? O?+ 50)is one of the most remarkable 
oxygen compounds ; for even in the cold it gives up with the 
greatest readiness a part of its oxygen to oxidizable substances, 
and generally three equivalents; in other words, most of its 
reactions are such, that the hydrated acid may be considered as 
a compound of peroxide of manganese with peroxide of hydrogen 
=2Mn00+8HOO. Of the five equivalents of OQ which we haye 
to assume in permanganic acid, three at any rate are more readily 
transferable to oxidizable substances than the other two; from 
which it arises that these generally precipitate hydrated peroxide 
of manganese from the hydrated acid. Frommherz has already 
shown that vegetable charcoal decomposes this acid into peroxide 
of manganese and common oxygen, without itself undergoing an 
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oxidation ; and it is evident from this fact, that the catalysis of 
the said acid depends first of all upon a change of condition 
effected by the carbon in a part of its oxygen. 

According to my observations, light also effects the catalysis 
of permanganic acid, but much more slowly than charcoal. And 
that the acid, freed as much as possible from water, decomposes 
even at a moderate temperature into peroxide of manganese and 
common oxygen is a well-known fact, and is the reason why this 
acid has not yet been obtained in an anhydrous condition. 
Should we ever be successful in preparing dry permanganic acid, 
it will very probably comport itself ike anhydrous nitrie acid, or 
hike hypochlorous acid; that is, three equivalents of its O will 
be just as readily transformed into O, as nitric acid or hypo- 
chlorous acid allow the change of one equivalent of their O. 
Hence free permanganic acid might, even at a comparatively 
moderate elevation of temperature, decompose into peroxide of 
manganese and common oxygen, just as under the same cireum- 
stances anhydrous nitric acid or hypochlorous acid decompose, 
the one into NO?+ 20 and O, the other into MuO + O(Cl)and O*, 

I will remark on this occasion, that in my opinion the ulti- 
mate reason why many an oxygen compound is obtained with 
such difficulty, or not at all, im an isolated condition, is to be 
sought for in the ease with which all or a part of the O contained 
in it passes into O. Nitric acid = NO?+3O could not for a 
long time be obtained anhydrous, because its third O- equivalent 
is changed into O at a proportionately low temperature, and 
hence arises its decomposition into NO* and common oxygen. 
The chloric, bromic, permanganic, ferric acids, &c., have up to 
this time not been obtained in an isolated condition, precisely 
on account of the ready conversion of a part of their O into O. 

All the catalysing substances hitherto discussed are compounds 
the whole or part of whose proportion of oxygen may be assumed 
to bein the O condition. But there exists a great number of 
compounds which contain the oxygen as O, and from which it 
can be separated neither by heat nor by light. Water, potash, 
oxide of lead, &c. are oxygen compounds of this kind, and none 
of them have been hitherto catalysed by means of a ponderable 
substance. According to the views developed above, such a 
catalysis could only be effected by an agent which was able to 
convert the O of potash, water, oxide of lead, &c. into O. 

We possess such an agent in the galvanic current, by which 


* Since this paper was written, which was done in March, M. Thenard, 
jun, has published a notice, in which he announces that he has sue- 
ceeded in preparing permanganic acid in an anhydrous condition, and that 
it is decomposed into peroxide of manganese and common oxygen with 
extreme ease. 
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water is directly decomposed into H and O, oxide of lead into 
Pb and O, &c. But since I have already fully discussed this 
subject elsewhere (see my paper “On the chemical actions of Elec- 
tricity ” in the Verhandlungen der Naturforschenden Gesellschaft 
von Basel), I will not enter upon it further here, and will only 
remark that there is no reason to consider as impossible the ex- 
istence of substances , possessing the property of changing the O 
of a compound into QO, and thereby effecting its catalysis. 

I have still to speak of a class of chemical phenomena which 

are to be counted among the actions of contact, and form as it 
were the counterpart to the catalytic phenomena of which we 
have hitherto spoken; I mean the chemical compounds which 
are formed under the influence of contact of many substances. 
_ With this class of phenomena it must also be noticed, that 
most, if not all of them, relate to oxygen, that is, they consist of 
oxidations, a circumstance which deserves, in my opinion, the 
greatest consideration. 

At ordimary temperatures O does not form compounds either 
with any simple body, or with the greater number of oxidizable 
compound substances; while under the same circumstances O 
readily associates itself with most of the elementary substances, 
and with compound bodies capable of receiving more oxygen. 
From these and other reasons which have been elsewhere ex- 
plained, I have arrived at the opinion that O,as such, can be united 
with no substance ; and that O alone is capable of effecting oxi- 
dations, whether O enters as such into the compound, or exists 
in itas O. As will be readily seen, it would follow from the 
correctness of this assumption, that O must always be first 
changed into O if the oxidation of any substance is to be ac- 
complished. Y 

The change of O into O may, as my experiments have shown, 
be effected in various ways; by imponderable as well as by pon- 
derable agents. But. since the allotropizing influence, which, 
for instance, electricity exerts upon O, does not directly concern 
the subject under discussion, we shall here only treat chiefly of 
the ozonizing -actions produced by ponderable agents; and we 
shall first of all speak of phosphorus, which is certainly one of 
the most remarkable bodies of this kind. 

Common oxygen, as is well known, when placed in contact 
with phosphorus under appropriate circumstances, acquires the 
property of oxidizing, at ordinary temperatures, not only phos- 
phorus itself, but also a large number of simple and compound 
substances, with which it would not associate itself without the 
presence of phosphorus. Lead and silver are oxidized by the 
oxygen so altered to peroxides; nitrogen (in the presence of HO, 
KO, &c.) to nitric acid; iodide of potassium is decomposed with 

Phil, Mag. 8, 4, Vol, 13, No, 86, April 1857. T 
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separation of iodine; yellow prussiate of potash is changed into 
red; sulphurous acid into sulphuric acid ; PbS into PbO, SO8; 
indigo dissolved in sulphuric acid is changed into isatine, &e, 

But if the contact between phosphorus and common oxygen 
is indispensable in order that the latter may acquire the pro- 
perty of effecting these oxidations, a continuous contact is ne- 
vertheless not necessary. Oxygen, after it has experienced the 
specific influence of phosphorus, continues to exhibit an eminent 
oxidizing property, even after contact between it and the phos- 
phorus has ceased. 

The accuracy of this statement is manifest from the simple 
fact, that atmospheric oxygen, which has stood for some time 
over phosphorus, effects, even after the removal of the latter, all 
the oxidations which it produced during its presence. On this 
account we are justified also in assuming that this body possesses 
the property of allotropizing common oxygen, that is, of changing 
O into O. 

We know that electricity causes a similar change of condition 
in oxygen without the assistance of any ponderable matter; for 
under electric influence this gas effects all the oxidations which 
oxygen, altered by phosphorus, can produce; and in this case 
also oxygen exhibits its chemical activity, not only during the 
continuance, but also after the termination of the electric action. 

From these facts it follows that the catalytic influence of 
electricity and of phosphorus is effected upon oxygen, and con- 
sists primarily in an allotropic modification of this body. For 
this reason it may be allowable to speak of an allotropizing influ- 
ence, instead of a catalytic, or influence by contact. 

It is well known that other simple substances produce an 
action upon oxygen which may in many respects be compared 
with that of phosphorus. In this respect platinum is very highly 
distinguished, although the other noble metals behave similarly. 
The most surprising action is certainly the union which platinum 
effects between oxygen and hydrogen, under circumstances in 
which they would otherwise be perfectly indifferent towards each 
other. 

In the same way it has long been known that the presence of 
platinum determines common oxygen to a series of other oxidizing 
actions ; for instance to the change of sulphurous into sulphuric 
acid, of alcohol into acetic acid, &e. I have found that oxygen left 
in contact with platinum turns tincture of guaiacum blue, bleaches 
moist paper coloured blue by means of indigo solution, &e. ; 
actions which oxygen allotropized by means of electricity or 
phosphorus also produces. 

Thenard has already shown that gold, silver, and the rest of the 
noble metals determine the union of oxygen with hydrogen at 
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t emperatures at which these elements would not of themselves 
combine. And it has been ascertained by myself, that common 
oxygen in contact with these metals, when they are in a finely- 

1 iyided condition, turns tincture of guaiacum to a deep blue. 

Mercury also exhibits the same comportment ; and since, from 
its fluid condition, contact between it, oxygen, and oxidizable 
substances is very readily and completely effected, we can pro- 
duce many oxidizing actions better under the influence of this 
metal than even with gold, silver, &e. 

Freshly-prepared tincture of guaiacum shaken with chemically 
pure mercury and common oxygen is instantaneously coloured 
dark blue. Water rendered bluish by indigo solution is deco- 
lorized by similar treatment. Aqueous hydrochloric, hydro- 
bromic, hydriodic, hydrosulphuric, and hydrocyanic acids, give 
up their hydrogen with greater or less rapidity to free oxygen 
when in contact with mercury, with the formation of chloride, 
bromide, iodide, sulphide, and cyanide of mercury. 

By shaking a solution of iodide of potassium with mercury and 
oxygen gas, lodide of mercury and potassium is produced along 
with free potash, &e. These and other oxidizing actions effected 
by means of mercury, show in the most evident manner the che- 
mically exciting influence which this metal exerts upon common 
oxygen,—in other words, that mercury puts this gas in a 
condition in which it acts chemically, like the oxygen changed 
by electricity or phosphorus. From which fact we may certainly 
be allowed to draw the conclusion, that the catalytic actions of 
mercury which we have mentioned depend, just as do those of 
platinum, gold, phosphorus, &c., upon an allotropizing influence 
which this substance exerts upon common oxygen. 

With respect to their capacity of producing a great change in 
the chemical condition of common oxygen, there is a tolerably 
numerous class of substances which are of the greatest import- 
ance in a theoretical point of view, and to which we must on that 
account deyote our especial attention. These are such substances 
as associate themselves very readily with common oxygen, but in 
so doing change it in such a manner that it may be’ transferred 
with ease from this combination to other oxidizable substances ; 
that is, it exhibits a relation quite similar to that which marks 
oxygen modified by electricity or phosphorus. 

By far the most remarkable substance of this kind is deutoxide 
of nitrogen (NO), which even in the cold and in the dark unites 
with two equivalents of common oxygen to form the so-called 
hyponitric acid. Of this acid we know that it very readily 
gives up half its proportion of oxygen to a great number of oxidi- 
zable substances, that is, it comports itself as an eminently 
oxidizing agent. It readily decomposes indigo-blue dissolved in 

T2 
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sulphuric acid, turns tincture of guaiacum to the deepest blue, 
separates iodine from iodide of potassium, changes aqueous sul- 
phurous acid immediately into sulphuric acid, a solution of yel- 
low prussiate of potash into red, &e., and NO? is eliminated in 
these reactions. 

From these facts it is clear that the two equivalents of oxygen 
which are taken up by the deutoxide of nitrogen act in many 
cases just like oxygen allotropized by electricity or phosphorus, 
on which account we may also assume that hyponitric acid is 
nothing else than ozonized deutoxide of nitrogen, or NO? +20. 
But if this assumption is admissible, it follows, further, that deut- 
oxide of nitrogen possesses in a very high degree the property of 
ozonizing oxygen. And since NO* not only transforms O into 
O, but also unites with this O as such, deutoxide of nitrogen may 
be looked upon as the most decided exciter of oxygen (Sawer- 
stofferreger) and carrier of O (O-tréiger) ; and hence it is that it 
plays such an important part in certain oxidizing processes ; 
for example, the conversion of SO? into SO® by means of 
atmospheric oxygen. 

The first degrees of oxidation of manganese and iron are 
distinguished by the readiness with which they are oxidized by 
common oxygen to peroxide of manganese and peroxide of iron. 
And of the oxygen united with the protoxide of manganese or of 
iron, ,it is well known that it comports itself in many cases like 
the O associated with NO®. Peroxide of manganese even alone 
turns tincture of guaiacum blue, and peroxide of iron does so 
when it is dissolved in an acid; peroxide of manganese decom- 
poses solution of indigo just as dissolved peroxide of iron does ; 
peroxide of manganese oxidizes sulphurous acid; peroxide of 
iron and its salts do the same. In short, both these oxides com- 
port themselves as oxidizing agents like hyponitrie acid, for 
which reason we may compare MnO and FeO to NO?, and con- 
sider them, like this, as exciters of oxygen and carriers of O. If 
protoxide of manganese or protoxide of iron were liquid or 
gaseous instead of being solid, they would probably ozonize 
common oxygen as rapidly and energetically as NO®. 

Different from NO?, FeO, MnO in degree, indeed, but not in 
kind, is the comportment of certain other metallic oxides ; and 
in this respect we must notice oxide of barium, which, although 
perfectly indifferent to common oxygen in the cold, unites with 
it to form peroxide of barium at a moderately high temperature. 
That the oxygen taken up by the BaO is in the O condition, 
needs, I think, no further proof; and it is clear that BaO, like 
NO?, &e., can ozonize or allotropize common oxygen. It is 
known that KO, NaO comport themselves quite similarly to BaO. 

Oxide of lead also, in the cold, is quite indifferent towards com- 
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mon oxygen; but at a higher temperature it changes, partially at 
least, into peroxide, which unites with the remainder of the oxide 
to form red lead, and the oxidizing actions of the peroxide of lead. 
show clearly enough that one equivalent of oxygen in this com- 
pound is in the ozonized condition. We may therefore ascribe 
to oxide of lead also the property of transforming, under appro- 
priate circumstances, O into O, and of being the carrier of this O, 
I have already shown, years ago, that the oxygen ozonized by 
electricity or phosphorus combines with PbO to form peroxide 
even in the cold. 
[To be continued. | 


XXXIX. On Electric Pauses. By Professor Rress*, 


A SINGULAR effect connected with the discharge from 

the conductor of a machine‘was observed by Gross, and 
described under the name of “ lectric Pauses,” in the year 
1776. The same effect was accidentally observed by Nairne 
during his investigations on the best form of lightning conduct- 
ors, and described in Hutton’s ‘ Abridgement of the Philosophical 
Transactions’ for 1778. The phenomenon consists in the dis- 
appearance and reappearance of the electric spark when the 
discharging distance is gradually augmented. Prof. Riess has 
recently repeated these experiments, and describes the following 
arrangement made use of by himself as an easy and sure means 
of obtaining the effect referred to. 

To the conductor of an electric machine a brass arm was 
screwed, and united by a ball-and-socket jomt with a brass bar 
8 inches long and 24 lines in thickness, which carried at its end 
a brass ball 1 yach in diameter. The arrangement is shown in 
fig. 1. At the edge of a table a glass rod was fixed which 


Fig. 1. 


carried a metal collar at its top, through which the brass rod 
* Abstracted from Poggendorff’s Annalen, vol. xcix. p. 
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21 inches thick could be moved up to contact'with the brass 
sphere, or withdrawn from it to a distance of 6 inches. The 
collar was connected by a wire with a general discharging train, 
and with the same train the rubber of the machine was also con- 
nected. On the end of the brass bar a truncated cone of brass 
was screwed, which is shown in section in fig. 2, and the dimen- 
sions of which were ab 8}, be 24, cd 74, and Fig. 2. 

de 14 lines. The conical portion of the piece ang 

was at first more complete, but was gradualiy 

blunted with great care, until the phenomena 

now to be described showed themselves. This 


portion of the work is tedious, but it is indis- ‘ 
pensable. When the conductor was charged 
positively by the continuous turning of the % b 


machine, the following series of sparks was 
obtained by the gradual augmentation of the distance between 
the cone and the sphere. 


Distance of the Electrodes in inches. 
228 1 1 1b o1g 2 23638 834 45 
S 8 ge, es oe 


The continuous passage of sparks took place at the distances 
marked §; single sparks occurred at the place marked s; and 
where neither of these letters occur no sparks were observed. 
Hence in this experiment sparks 3 an inch and 23 inches im 
length were obtained, but no spark of a length intermediate be- 
tween those. The pause-distance, as it_has been named by Gross, 
extended to 2 inches, and retained this magnitude almost un- 
changed in all repetitions of the experiment. : 

When the machine was in very good action, single sparks 
were observed % of an inch in length; but to balance this, none 
were seen of the length of 24 inches; the pause-distance had, 
so to say, shifted its position without changing its magnitude. 
When the electrodes are viewed from a point not too near them in 
the dark, while they stand at the shortest pause-distance asunder, 
a very short and slender negative brush is observed at the end 
of the cone, and on the adjacent surface of the sphere a bluish 
elowing spot. When the electrodes are gradually separated toa 
greater distance, the brush remains almost unchanged, but the 
elowing spot increases considerably in magnitude. _ If while they 
remain within the pause-distance the hand or any other conductor 
be caused to approach the electrodes, the pause is annulled and 
the sparks pass. When a small plate .was fixed about 3 inches 
below the electrodes, sparks of all the lengths above stated could 
pass: the pause was not observed. 
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The arrangement of the electricity upon the surface of the 
sphere, produced by the approximation of the cone, is to be 
regarded as the primary cause of the phenomenon under consi- 
deration. It is known that by the proximity of a conductor 
connected with the earth, the electric arrangement in an elec- 
trified body is essentially changed; so that, theoretically con- 
sidered, a point of an electrified sphere, for example, may, by the 
approximation of one unelectrified, be made to assume any den- 
sity whatever. When the cone connected with the earth is caused 
to approach the sphere in the above experiments, the nearest 
point of the sphere assumes the greatest electric density, and 
from this point all round the density diminishes upon the sur- 
face of the sphere, according to a certain law. Let us fix our 
attention upon the convex surface of a small segment of the 
sphere (kuppe, calotte), on which the density is not less than 
that which is necessary to cause the electricity to stream out- 
wards. The density at the highest point, and also the size of this 
segment depend on the shape and the relative magnitudes of the 
sphere and cone, and also on their distance asunder. If the 
cone were a thin sharp point, the density upon the nearest point 
(9 lines distant) of the sphere must be very great; but the mag- 
nitude of the superficial segment alluded to must be very small, 
inasmuch as M. Riess could observe no light upon the sphere, 
although the conductor at the same time was losing the greater 
portion of its electricity. When, on the contrary, the frustum 
made use of in the experiment stood near the sphere, the density 
at the highest point of the spherical segment was not very great 
in comparison with the mean density of the sphere, a fact esta- 
blished by experiment with the torsion balance. The size of the 
segment must, however, have been considerable, as it appeared 
luminous on being electrified by the machine. While the den- 
sity of the segment became smaller as the distance of the cone 
from the sphere was augmented, the greatest breadth of the lumi- 
nous segment (4 an inch) was found by M. Riess, not at the 
smallest distance of the electrodes (9 lines), but at a distance of 
an inch anda half. This arrangement of the electricity on the 
sphere gives the explanation of the pause phenomenon. By the 
continuous action of the machine, the sphere receives from the 
conductor a definite amount of electricity in a certain time, and 
with it a density sufficient for a spark 4 inches in length. If 
during this time the quantity of electricity delivered by the ma- 
chine be diminished by streaming into the air, then the density 
imparted to the sphere suffices only for sparks of less length. 
The streaming out takes place at all points of the sphere where 
the density exceeds a certain value, and is the more active the 
greater is the density. If a sharp metallic point be brought 
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within 1 or 2 lines of the sphere, the streaming out is very vio- 
lent, and the remaining density of the sphere only sufficient for 
sparks of the same length. If the point be withdrawn to a 
greater distance from the sphere, the streaming out diminishes, 
but not to an extent sufficient to leave the sphere a density ne- 
cessary for sparks of more than 2 lines in length. The sparks 
do not appear, and the same is true of all larger distances. If 
the point be withdrawn so far that all streaming out ceases, the 
distance must be much greater than 4 inches, and then the un- 
enfeebled density of the sphere is insufficient for sparks of such a 
length. This process also takes place when the form of the body 
brought near the sphere is different : sparks are obtained up to 
a certain length, and none beyond this. Only by a definite rela- 
tion of the action of the machine to the magnitude of an ap- 
proximated sphere can the pause phenomenon occur between two 
spheres, as observed in the experiment of Nairne. Such an ex- 
periment is not to be repeated with certainty. But the effect is 
certain, because independent to a greater extent of the action of 
the machine, when the truncated cone (the pause-cone) is made 
use of. At the closest approximation of the cone to the sphere, 
the augmentation of the density, and the consequent streaming 
out of the electricity, is not sufficient to hinder the production 
of sparks. On the diminution of this density with increasing 
distance, the sparks could never disappear if the disappearance 
were not effected by the increased number of the emissive points, 
or in other words, by the breadth of the luminous segment of 
the sphere. At the shortest distance at which the sparks are 
absent (9 lines) this breadth is not considerable, but it augments 
with the increasing distance until the density throughout the 
extent of the segment has sunk below the limit necessary for the 
streaming out of the electricity. From this point forward the width 
of the segment diminishes. At the distance of 13 inch, where 
the luminous segment is about } an inch wide, the density upon 
it had sunk so far that the tranquil glow was no longer seen 
alone, but from the edge of the segment single luminous fibres 
issued in the form of a brush. At a greater distance, therefore, 
the sparks appeared again, and continued so long as the con- 
ductor yielded sparks. If the form of the cone be altered only 
a little by rendering the frustum shorter, sparks are obtained 
at all the distances mentioned; if it be made a little sharper, 
sparks are obtained up to a certain point, and none afterwards. 
In like manner no pauses were obtained with larger and 
smaller spheres than those for which the cone has been arranged. 
We convince ourselves easily of the change in the arrangement 
of the electricity on the cone, and the extinction of the pauses 
thereby produced, if during the experiment a conducting body 
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is brought near the sphere, while a sphere is placed near the 
prime conductor at a suitable place. Under the large sphere, A, 
of the conductor (fig. 1) a small sphere was placed at a distance 
of 9 lines, and the pause-cone removed to a distance of 1 mch 
from the pause-sphere. By the most persistent turning of the 
machine no spark appeared at either of the intervals. When, 
however, the hand was approached from above to within a distance 
of 10 inches, sparks passed incessantly to the lower sphere A ; 
and, when the hand was removed, again disappeared. In the 
dark it was observed that by the approximation of the hand 
the luminous segment was extinguished upon the pause-sphere. 
Here, therefore, by the approximation of a conductor, the arrange- 
ment on the sphere was changed, by this the streaming out of 
the electricity prevented, and the quantity of electricity remain- 
ing on the conductor augmented. The electricity of the pause- 
sphere is not only diminished by the streaming out of the elec- 
tricity, but also by the circumstance that the brush of the adja- 
cent pause-cone sends air negatively electrified against it. This 
circumstance cannot, however, cause the absence of the sparks, 
which was at once shown when the conductor of the machine 
was negatively electrified. Although the machine yielded nega- 
tive electricity in a less quantity than positive, and although 
here the pause-cone sent a much longer brush against the sphere, 
still sparks varying from 2 of an inch to 2 inches in length 
were easily obtained ; which were absent when the conductor 
was charged positively. The phenomenon of the pauses was 
not in this case perfectly exhibited, being characterized by the 
fact that at some distances between the electrodes (1, 14, 13 
inch) the sparks passed tardily and irregularly, and were some- 
times mixed with hissing brushes; while, when a conductor was 
brought near, the regularity of the process was established. As 
there is no doubt that the arrangement of the negative electricity 
on the sphere was precisely the same as that of the positive in 
the former experiments, these irregularities in the pauses would 
be very surprising, were we not aware of the fact, that in free air 
negative electricity is brought with much more difficulty to the 
state of glow than positive. Thus at the rounded end of a me- 
tallic cylinder, 0°3 of an inch in thickness, Faraday easily ob- 
tained the glow with positive electricity, but failed to obtain it 
with negative electricity. (Experimental Researches, 530.) The 
imperfection of the pauses with negative electricity, is due to the 
difficulty of obtaining the glow with this kind of electricity, and 
furnishes an additional proof that the pauses are determined by 
the glowing of the sphere. 

In the explanation of the pauses just given, one difficulty 
remains untouched, which appears to be of general interest, inas- 
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much as it shows itself in other experiments which are frequently 
made. The absence of the sparks in the interval of the pause 
has been ascribed to the circumstance, that the portion of the 
spherical surface nearest to the cone, possesses a greater density 
than that necessary for the production of a spark. Now the 
electricity developed on the conductor has not attamed this den- 
sity instantaneously, but gradually, and there must have been a 
point in which the sphere possessed the exact density necessary 
for a spark. The question is, why did not the spark make its 
appearance at this particular time? The same question may be 
asked with reference to experiments which are better known. A 
large sphere on the conductor of a machine gives sparks to an 
approximated conductor; a small sphere gives a brush. When 
through the slow turning of the machine a brush is produced at 
a particular point of the conductor, this may frequently be trans- 
formed by quicker turning into a glow. A smooth sphere which 
furnishes sparks, gives brushes when it is roughened, and so forth. 
In all these cases the same question suggests itself, why a phe- 
nomenon of higher density appears, and that of lower density 
disappears, while that of intermediate density does not occur, 
although the density has been gradually imcreased. This diffi- 
culty M. Riess believes renders the assumption necessary, that, 
for the production of a spark, not only is a definite density requi- 
site, but that this density must exist for a certain time. Accord- 
ing to this, the spark first breaks out shortly after the electrodes 
have attained the density necessary to its production. This time 
may be small, but it is at all events very great in comparison 
with the time required by the electricity to arrange itself upon a 
good conductor; and thus it is not surprising that at a place 
which has attained to a higher density, stead of the spark 
another mode of discharge should make its appearance. In the 
same manner, time is necessary for the brush and the glow to 
be produced ; and it must be stated generally, that an obstacle 
is to be overcome before the electricity upon the surface of a con- 
ductor can propagate itself to the nearest layer of the limiting 
medium, and that this overcoming requirestime. This assump- 
tion agrees well with the fact of the resistance to the passage of 
an electric current from one medium into another. 

In the experiments on the pauses, the pause-sphere receives, at 
all distances of the cone, more electricity than is necessary to 
produce the density required by a spark; but a portion of this 
electricity is lost by streaming out. At smaller distances of the 
electrodes the portion streaming out is of great density, but only 
of limited extent ; and the density necessary for a spark is but 
small; hence the density of the sphere does not sink lower than 
what is required for the appearance of the spark. At the great- 
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est distance of the pause-cone (24 inches), the place streaming 
out is small and of inconsiderable density ; here, therefore, the 
sphere also retains the density necessary for a spark. When, on 
the contrary, the sphere stands within the pause-distance, the 
extent of the surface streaming out, and its density are both 
great, and the density of the sphere sinks immediately from its 
highest value till it falls below that which is requisite for a spark. 
It may be seen from this, that the sparks where pauses exhibit 
themselves must be preceded by a streaming out, which termi- 
nates in a sounding brush. In some positions of the cone this 
streaming out may be detected by the eye, in others it is only 
made manifest to the ear by a peculiar noise which accompanies 
the sound of the sparks. The visible brushes which alternate 
with sparks, appear near the beginning and the end of the pauses, 
where the narrowest and longest sparks are observed. It occurs 
here sometimes, that, at the commencement of the experiment 
sparks are obtained, but during'the continuance of it, none. To 
obtain sparks again, in such a case, the experiment must be dis- 
continued for a few minutes, or still better, the conductor must be 
electrified negatively for a few seconds, and then the experiment . 
continued. The absence of the sparks is here due to the elec- 
trifying of the air, which alters the electric arrangement on the 
pause-sphere, and which is neutralized when the air, by the ac- 
cession of the opposite electricity, has become again non-electric. 


XL. On the Problem of the In-and-circumscribed Triangle. 
By the Rey. Gzorcx Satmon, Trinity College, Dublin*. 


ee following is a direct investigation of the solution which I 
gave in the last Number of this Magazine of the problem, 

“to find the locus of the vertex of a triangle two of whose angles 

move on a conic V, and whose three sides touch a conic U.” 

I first form the equation of the pair of lines drawn from any 
point to touch U ; then the equation of either pair of lines join- 
ing the points where these tangents meet V; and lastly, form 
the condition that one of those joining lines should touch U. 

I write the condition that XU + V shall represent right lines, 

Ad? + OA? +074 A’=0; 
and if V represents right lines, A'=0; and if, moreover, one of 
these right lines touch U, we must have @?=4A0!. 

Now if P represent the polar of any point, the equation of the 
pair of tangents drawn from that point to U is UU'—P2=0. 
To form the equation of the pair of lines joining the points where 


* Communicated by the Author. 
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these tangents meet V, we must determine 2) so that 
UU'—P?+AV 
may represent right lines, and we get 
A’n2++ FA+ AU'V'=0, 
where F has the meaning given in the last Number, and ‘ Conics,’ 


p- 268. 
The condition that one of these lines should touch U is 


(2AU!-++2@)?=4A (AU? +2(OU' + AV!) + OA?), 
which reduces to 
4A2V! +r(4A0!— 6?) =0. 
Eliminating A, the result becomes divisible by V, and is 
16A3A'V + 4A(0?—4A0')F + (6? —4A60')?U=0, 


as was found before. 

It is obvious that the same method would readily give th 
equation of the locus, if the third side instead of touchmg U 
touch a new conic W. If the three sides touch U, one vertex 
moves on V and another on a right line L, then the equation of 
the locus of the third vertex is 

(Ag—MU)?=AUy*, 
where ¢ is the result of elimination between the equations L, V, 
BU of ig OU", ora Say. % 
and w ee keene ae ee M is the condition that the pole of the 
line L with respect to U should lie on V; and is the equation 
of the polar with respect to V of the pole of L with respect to U. 

I have formed the equation of the locus when two vertices 
move on conics, and the three sides touch the conic 2?+2ay; 
but I do not perceive the rule for forming the equation in the 
general case, except that I can verify (what Mr. Cayley has proved 
geometrically) that the equation is of the form ¢? + Uyr=0, where 
¢ is obtained by eliminating between esha asa +2 a 

y 8 dx "4 dy dz 
the equations of the conics traversed by the two base angles. 

If the three vertices move on V, the three sides may touch 
respectively the conics U+-aV, U+6V, U+eV, provided that 
a, b, ¢ are connected by the relation 
{O—(ab+ac+be)A'}? = {20'+2(a+b+c)A’} {2A + 2abed'}, 

The problem to find the locus of the vertex of a quadrilateral, 
whose other three vertices move on V, and whose sides touch U, 
reduces itself to a problem noticed already. 

I use the following abbreviations :— 

4AA'=a; ©?-4A0’=B; 2Anc+O8=y. 


and 
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Then the problem becomes, to find the locus of the vertex of a 
triangle two of whose vertices move on V, two of whose sides 
touch U, and the third aU+@V. Proceeding as in the com- 
mencement of this paper, we get an equation of the eighth 
degree, which, however, contains as extraneous factors V, and 
the square of 

A*6?U + ¢6F 4+ Ae?V, 


and the equation of the locus remains 
a*y?U + ayB?F + AA'BAV =0. 


Trinity College, Dublin, 
March 18, 1857. 


XLI. Chemical Notices from Foreign Journals. 
. By HE. Arxinson, Ph.D. 


[Continued from p. 189.] 
coe has completed a very important investigation on 


silicon, and has made out some remarkable analogies between 
this element and carbon. Like carbon, silicon has three forms: 
(1) the ordinary or amorphous silicon corresponding to ordinary 
charcoal; (2) graphitoidal silicon corresponding to graphite ; 
and (3) octahedral silicon, or the diamond of silicon. 

The amorphous form of silicon which was discovered by Ber- 
zelius was described by him as being infusible, but Despretz has 
recently succeeded in fusing it by employing the galvanic cur- 
rent. Its fusmg-point appears to be termediate between that 
of steel and that of iron. It may also be obtained fused by 
exposure in a lime crucible to the heat produced by Deville’s 
furnace ft. 

The best method of obtaining this silicon pure is by the action 
of chloride of silicon on sodium. ‘This is effected by heating 
sodium in a large glass tube, and passing over it the vapour of 
chloride of silicon. An action takes place, the chloride of silicon 
being absorbed by the sodium with the evolution of light and 
heat. A mixture of common salt and silicon is thus obtained, 
from which, by treatment. with water, the former is dissolved out 
and the silicon left behind. Obtained in this way, it has all the 
appearance of the silicon described by Berzelius. 

This form of silicon may also be obtained pure and melted by 
placing the sodium in porcelain trays free from iron, and heating 
as before. After the action is over, the trays are broken, the 
parts unacted upon are rejected, and the fragments of the trays 

* Comptes Rendus, January 14, 1856. Annales de Chimie et de Physique, 


January 1857. 
+ Phil. Mag. February 1857. 
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which have been attacked by contact with the sodium, together 
with their contents, are exposed in a carbon crucible to the heat 
of a wind-furnace. The common salt volatilizes, the porcelain 
melts, and globules of silicon presenting remarkable traces of 
crystallization are obtained. 

It is also obtained by the action of sodium on a glass free from 
iron, and specially prepared for the purpose by melting together 
silica, Iceland spar, and carbonate of potash, This glass, coarsely 
powdered, is mixed with sodium and heated to redness in a glass 
tube. The black matter which is obtained is heated in a wind- 
furnace in a carbon crucible placed inside another crucible. 
The silicon is found dispersed in the vitreous mass, which is 
smoked like obsidian, in the form of small, very brittle, steel- 
gray globules. 

Silicon may also be extracted from silica by means of the gal- 
vanic current, by fusing a mixture of fluorides of sodium and 
potassium, adding calcined silica, which is very readily dissolved, 
and then inserting the platinum and carbon poles of a Bunsen’s 
battery of four elements. Oxygen is disengaged at the negative 
pole, and the silicon set free at the platinum pole unites with it 
to form a siliciuret of platinum, which fuses with extreme ease. 

Deville obtained simultaneously with, but independently of 
Wohler*, the graphitoidal form of silicon, but by a different 
method. In preparing aluminium by the battery he obtained 
an alloy of aluminium and silicon, which by treatment with acids 
yields the graphitoidal form of silicon. But the best method of 
preparing it is that of Wohler, and Deville confirms the descrip- 
tion of its properties given by that chemist. 

The octahedral form of silicon is obtained by a process sus- 
ceptible of application to the preparation of a'l the fixed simple 
bodies which form compounds that are volatile and decomposable 
by some substance capable in itself of dissolvmg them, They 
are then obtained crystalline. Deville terms this, crystallization 
by igneous solution. 

On passing chloride of carbon over aluminium, or over so- 
dium, amorphous carbon is obtained ; neither of these metals can 
dissolve carbon. But by treating melted iron (or better, cast 
iron), which has the property of dissolving carbon, with chlo- 
ride of carbon, a crystalline substance different, however, to iron- 
graphite is obtained. 

Deville prepares this form of silicon as follows ;—Aluminium 
placed in a small tray is introduced into a porcelain tube, through 
which a current of hydrogen saturated with the vapours of chlo- 
ride of silicon is passed. The tube is kept at a clear cherry-red 
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heat, and the operation is continued until no more vapours of 
chloride of aluminium are formed. The needles of silicon which 
are formed are purified from adherent matters by treatment with 
aqua regia, hydrofluoric acid, and fusion with bisulphate of soda. 
Sometimes there are formed small globules of a siliciuret of 
aluminium which corresponds to the formula Si Al’. 

The change in this reaction is thus: the chloride of silicon 
is decomposed by the aluminium, which seizes upon the silicon 
displaced, from whence a veritable solution results. Hach mole- 
cule of chloride which is decomposed, increases the concentra- 
tion; and when the saturation of the metallic bath is complete, 
the silicon, being lighter, crystallizes on the surface, as does cam- 

hor on the surface of an alcoholic solution. 

The crystals of silicon occur sometimes as long needles, some- 
times as hexagonal prisms culminated by a very acute pyramid 
with curved faces, and sometimes in forms resembling a rhombo- 
hedron, but which are derived from the regular octahedron. 
Senarmont* has shown that the regular hexagonal prisms of the 
silicon are only faces of the rhomboidal dodecahedron developed 
in a very simple manner. 

Silicon has a dark iron-gray colour with a reddish lustre, 
and often resembles the specular iron ore of Elba, with all its 
iridescence. The crystals are perfectly pure; they melt at a 
point intermediate between the fusion of gold and that of cast 
iron, and they then assume the form analogous to the diamond, 
with curved faces, which appears peculiar to silicon obtained by 
fusion. 

Deville is still engaged on an extension of this method to the 
preparation of other bodies. He collates, in conclusion, the pro- 
perties of silicon and of carbon, and shows in a very striking 
manner their analogy. 

By substituting the fluoride for the chloride of silicon in this 
preparation of silicon, Deville obtained along with silicon a 
substance crystallizing in cubes, which has no action on polar- 
ized light, is transparent and strongly refracting. It is fluoride 
of aluminium, Al? Fl*, quite free from silicon, as numerous ana- 
lyses proved. It is unattackable by hydrofluoric and nitrofluoric 
acid, and sulphuric acid disengages only mere traces of hydro- 
fluoric acid. It is only volatile at a bright red heat. It may be 
prepared directly by treating calcined alumina with pure hydro- 
fluorie acid in excess, drying the mixture strongly, and then 
introducing it into a tube of carbon or platinum which is heated 
to bright redness, and a current of hydrogen passed through. 
The fluoride of aluminium sublimes, and is deposited in minute 
cubes in the cold part of the tube, It is also prepared by ex- 
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posing a mixture of alumina or of kaoline with excess of fluoride 
of calcium, in a tube of carbon properly protected, to a white 
heat, and passing through it gaseous hydrochloric acid. By a 
modification of this method Deville has obtained the sesquifluoride 
of zirconium, 

The sesquifluoride of iron is formed by treating calcined oxide 
of iron with hydrofluoric acid and heating strongly. It is ob- 
tained in the form of small transparent cubic crystals, very 
slightly coloured. 

. By a modification of this method sesquifluoride of chromium 
is produced. It is obtained in the form of octahedra of the 
colour of oxide of chromium, and whose faces have a very bril- 
liant lustre. 


M. Ch. Tissier* obtained by treating cryolite, Al? FI§, 8Na FI, 
with quicklime, an aluminate of soda. The peculiarity of the 
action was, that however the proportion of the lime was varied, 
only about one-third of the aluminium was obtained in the 
form of aluminate of soda. By prolonging the action, there was 
only obtained very pure hydrate of soda. 

M. Tissier states, that in numerous experiments on the reduc- 
tion of aluminium from cryolite by sodium, only a certain fraction 
of the aluminium contained in the mineral is obtained. This 
result is in accordance with the observations of many other che- 
mists who have worked on this subject. 


Brunner t, and also Deville}, have given methods for preparing 
artificial cryolite. Deville’s method consists in mixing calcined 
alumina with dry carbonate of soda and drenching the mixture 
with hydrofluoric acid, then drying and heating it to redness. 
An insoluble mass is obtained which has the composition of cry- 
olite. From this cryolite and from natural eryolite, Deville and 
Brunner, and more recently Wéhler§, have given methods by 
which aluminium may be prepared by the action of sodium. 


From the labours of Deville, Rousseau, and Morin||, the ma- 
nufacture of aluminium has received great improvements. The 
method used is still essentially the same ; chloride of aluminium 
is decomposed by sodium; it is in the manufacture of these 
substances, and in the apparatus by which the action is effected, 
that the improvements have been made. 

Instead of chloride of aluminium alone, the preparation of 
which on the large scale is very difficult, a double chloride of 


* Comptes Rendus, July 14, 1856. 

+ Poggendorff’s Annalen, March 1856. ft Loe. cit. 
§ Liebig’s Annalen, August 1856. 

|| Comptes Rendus, October 13, 1856. 


MM. Wohler and Deville on Bofon. 273 


aluminium and sodium is used, which is prepared by passing 
chlorine over a mixture of alumina, common salt, and charcoal. 
It is volatile and liquefiable, running like water, and becoming 
solid when cold. The manufacture of sodium has also been 
considerably improved. Its preparation is now as easy as that 
of zinc, and its price ought scarcely to exceed three shillings 
the pound. By using the mixture of carbonate of soda, chalk, 
and charcoal, the quantity obtained is very nearly that required 
by theory. The action of the sodium on the chloride of alumi- 
nium is effected in a reverberatory furnace, and is so tranquil 
that it may be carried on on a large scale, and requires only the 
attendance of an ordinary workman. At present the price of 
aluminium, if it were not increased by accidental circumstances, 
ought not to exceed 100 francs the kilogramme, but it will be 
some time before it is reduced to so low a price. 


Wohler and Deville* have published the results of an investi- 
gation on boron, in which they prove very clearly the analogy 
that exists between this body and carbon and silicon, and they 
show that it resembles carbon even more closely than silicon has 
been shown to do. Like both these substances, boron exists in 
three conditions: the amorphous, the graphitoidal, and the dia- 
mond forms. 

Amorphous boron can be produced by the action of aluminium 
on a large excess of boracic acid, as well as by the action of 
sodium on boracic acid, the process of its discoverers, Gay-Lussac 
and Thenard. 

Graphitoidal boron is best obtained by fusing fluoborate of 

otash with aluminium, adding a mixture in equal equivalents 
of the chlorides of potassium and sodium to serve as a flux. 
Small masses of boruret of aluminium are obtained, which, when 
treated with hydrochloric acid, leave boron in its second modifi- 
cation. This presents itself in small lamine, often hexagonal, 
of a slightly reddish colour, opake, and having the form and 
lustre of natural graphite and graphitoidal silicon. 

The crystallized boron or diamond of boron is prepared by 
melting together in a carbon crucible 80 grms. of aluminium 
with 100 grms. of boracic acid. The carbon crucible is intro- 
duced into a black-lead crucible, which is heated to the highest 
temperature of a wind-furnace in which nickel could be melted, 
for five or six hours. The crucible is found on cooling to 
contain two distinct layers, of which one is vitreous, consist- 
ing of boracic acid and alumina, the other metallic, of an iron- 
gray colour, full of blisters, and filled throughout its whole 
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mags with crystals of boron which are readily recognized, This 
mass consists of aluminium containing crystallized boron. It is 
treated with soda to dissolve aluminium, by hydrochloric acid to 
free it from iron, and by nitric and hydrofluoric acid to dissolve 
traces of silicon left by the soda in the boron, From adherent 
alumina it can only be separated by mechanical means. 

Boron crystallizes in the dimetric system ; its fundamental 
form is a rectangular prism with a square base; and M. Sella, 
who has measured some crystals, considers it to be completely 
isomorphous with tin. It appears to occur in three varieties of 
form, all derivable from the above, according as the proportion 
of the substances used in its preparation, the temperature em- 
ployed, and the duration of the action are modified. These cir- 
cumstances also alter very much the hardness of the boron, 
although the least hard variety is harder than corundum, and 
the hardest is almost as ‘hard as diamond. Its colour varies 
very much, from a deep, almost opake, garnet-red, to an almost 
colourless honey-yellow; and analysis has shown that under 
these various conditions its composition varies as its colour. 
Boron possesses a lustre and refrangibility so great as to be 
comparable to diamond alone in this respect. Its specific gra- 
vity is 2°68, a little higher than that of silicon ; and it is remark- 
able that whilst the density of silicon is equal to that of silicic 
acid, that of boron is superior to that of boracie acid, and that 
of carbon is much higher than that of liquid carbonic acid. 

The flame of the oxyhydrogen blowpipe does not sensibly fuse 
crystallized boron. Oxygen acts upon it at the temperature at 
which diamond burns, but a small layer of boracic acid hinders 
further oxidation. Chlorine acts upon it with remarkable energy, 
forming gaseous chloride of boron. All the acids, whether pure or 
mixed, in the cold or when heated, are entirely without action 
on boron ; and it is oxidized to boracie acid only by bisulphate 
of potash at a red heat. Concentrated caustic soda does not act 
upon it, but hydrate of soda and carbonate of soda dissolve it 
slowly at a red heat. It is the most unattackable by chemical 
agents of all elements. 

The circumstances of its formation exercise considerable influ- 
ence on its composition, and it has never been obtained quite 
pure. Carbon has been found to be contained in all the speci- 
mens analysed, and aluminium in some of them. 

Its analysis was effected by exposing it to a high tempera- 
ture ina current of chlorine ; gaseous chloride of boron is formed, 
and a residue of carbon is left which is burnt off in a current of 
oxygen. It is probable that the carbon which is met with in 
boron is in the state of diamond ; for the more its proportion in 
the boron increased, the more did its transparency also increase. 
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And instances are not wanting in which a substance in crystal- 
lizmg carries with it a small quantity of another body whose 
crystalline form is different from its own. 


Heinrich Rose is engaged on a complete investigation of tan- 
talum and its compounds, and has already published* some of 
his results. He prepared metallic tantalum by a method essen- 
tially that of Berzelius, namely, by the action of sodium on the 
double fluoride of tantalum: and sodium. The two substances 
are placed together in a well-covered crucible and heated; the 
action commences at a dull red heat, and is so violent that the 
crucible becomes suddenly incandescent. The mass, on cooling, is 
washed out, and metallic tantalum is left in the form of a dark 
black powder. It is, however, not quite pure, but contains some 
acid tantalate of soda. It conducts electricity very well, although 
Berzelius found that it scarcely did so at all. It is not attacked 
by any acids except nitrohydrofluoric, which dissolves it. It 
is slowly oxidized by bisulphate of potash to tantalic acid. When 
gently heated in chlorine, it glows and absorbs the gas very 
rapidly, chloride of tantalum distils off, and there is left a residue 
of acid tantalate of soda with which the metal is always conta- 
minated. 

Tantalum is also obtained by passing phosphorus vapour over 
heated tantalate of soda; but the metal so obtained is not very 
pure, and does not conduct electricity. 

With a view to determining the atomic weight of tantalum, 
Rose prepared chloride of tantalum in a state of great purity by 
methods which have been already described by him. When pure, 
it is of a light yellow colour; it begins to volatilize at 144° C., 
long before its melting-poimt, which is at 221° C., and sublimes 
completely, condensing into a solid crystalline mass. In contact 
with water it decomposes into tantalic acid and hydrochloric acid, 
and its analysis was effected by treating it with water to which 
ammonia was added, by which means the tantalic acid was more 
readily and completely precipitated. In the filtrate from it the 
hydrochloric acid was determined by nitrate of silver. 

The mean of a great many analyses executed in this manner 
gave numbers from which the composition of tantalic acid is 
deduced to be,—tantalum 81:14 per cent., oxygen 18°86 per 
cent. This differs somewhat from the numbers obtained by Ber- 
zelius. M. Rose shows that his method is defective. Berzelius 
believed that the composition of tantalic acid was Ta? 0%, and 
that it was to be classed with alumina, oxide of iron, &e. Rose 
has at various times inclined to consider it as TaO® and Ta? O°. 
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In the former case it would range in the same class with tungstic 
acid, with which it has some similarity; in the latter case, in the 
same class as antimonic acid. - But he holds, that on the whole 
there is a balance of probability in favour of its being considered 
as TaQ?, and hence like stannic and titanic acids. On this 
view its atomic weight would be 68°82*. 

The bromide of tantalum is obtained like the chloride. It is 
yellowish in colour when free from excess of bromine, in which 
state, however, it is obtained with extreme difficulty. Iodide 
of tantalum could not be prepared. 

Fluoride of tantalum is obtained by dissolving hydrated tan- 
talic acid in hydrofluoric acid. On heating, the fluoride of tan- 
talum volatilizes. Tantalic acid which has been heated does not 
dissolve in hydrofluoric acid. Fluoride of tantalum has a great 
tendency to unite with metallic fluorides to form double salts: 
with fluoride of potassium it combines in several proportions. 

Rose obtained a nitruret of tantalum by exposing chloride of 
tantalum to the action of ammoniacal gas. This is absorbed at 
the ordinary temperature, and a solid crust is formed, from 
which, when heated in ammoniacal gas, tantalum is reduced 
combined with nitrogen. A black powder is thus obtained, 
which, when rubbed in the mortar, assumes a metallic lustre. 
It conducts electricity very well : it burns in the air with incandes- 
cence to white tantalic acid. It is only dissolved by nitrohydro- 
fluoric acid; fused with hydrate of potash it gives off ammonia. 
It has very probably the formula N? Ta®. 
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June 12, 1856.—The Lord Wrottesley, President, in the Chair. 
(| less following communication was read :— 

« Researches on the Action of Sulphuric Acid upon the Amides 
and Nitriles, with Remarks on the Conjugate Sulpho-acids.”” By 
George B. Buckton, Esq., F.L.S., F.C.S., and A. W. Hofmann, 
Ph.D., F.R.S. 

Since we had the honour of addressing the Royal Society upon 
the subject of the behaviour of acetamide and acetonitrile towards 
sulphuric acid, we have completed our experiments upon the amides 
and nitriles, and extended our researches to other groups of bodies. 
The results of these additional inquiries we now beg to present in the 


* Jn fixing the equivalent of tantalum, it deserves to be mentioned that 
if we take it at 69, it will be the arithmetical mean between the equivalents 
of molybdenum and of tungsten, which are respectively (in round numbers) 

92 
46 and 92; thus aoe =69:; 
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form of a second short summary, the analytical details and the more 
extended description of the new compounds being given in the com- 
plete memoir, which, at the same time, we have the honour of sub- 
mitting to the Society. 

Before proceeding, however, to give an account of our new com- 
pounds, it may be desirable to state that several considerations, sug- 
gested by the progress of our inquiry, have induced us finally to 
adopt the name of Disulphometholic acid instead of the provisional 
term Tetrasulphomethylie acid under which we have described, in 
our first communication, the new acid generated by the action of sul- 
phurie acid upon acetamide and acetonitrile. 


Eruy.e-SERIEs. 
Action of Sulphuric Acid upon Propionitrile. 

Considerable difficulty is experienced in preparing this nitrile in a 
state of purity. It was finally obtained by acting upon propion- 
amide with anhydrous phosphoric acid. 

When three parts by measure of the nitrile are cautiously mixed 
with two parts of fuming sulphuric acid, and heat is applied, the 
liquids enter into a sort of ebullition, carbonic acid being copiously 
evolved; at the same time a portion of propionic acid passes into 
the receiver, the amount of which may be lessened by raising the 
temperature only gradually. 

At the close of the operation a tenacious mass is found in the 
retort, which, when dissolved in water and neutralized with carbonate 
of barium, furnishes two rather soluble but readily crystallizable salts, 
very difficult to separate one from the other. Their isolation may 
be conveniently effected, by converting them into the corresponding 
ammoniacal compounds, by precipitating their solution with car- 
bonate of ammonium. 

The filtrate yields two substances, one of which crystallizes, while 
the other is quite uncrystallizable. 

The latter substance, when long digested with carbonate of barium, 
produces crystals of a barium-salt whose analysis gives numbers lead- 
ing to the formula 

C; (H, Ba,) §, 0). 

This substance is obviously sulphopropionate of barium, the com- 
pound next in series to the sulphacetate discovered by M. Melsens. 

It is generally deposited from its solution in fine silky crystals, 
which arrange themselves in spherical groups. They are very stable, 
and bear a high temperature without decomposition. 

The salt associated with the uncrystallizable sulphopropionate of 
ammonium crystallizes with ease, either in rectangular prisms or 
in octohedra. Similarly converted into a barium-compound, it was 
found by analysis to contain at 100° C., 


C,(H, Ba,) §,0,,+2HO. 
It forms regular six-sided plates, which are moderately soluble in 


water, but insoluble in alcohol and in ether. It loses two equiva- 
lents of water of crystallization between 100° and 170°, but a few 
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degrees above this temperature it is decomposed with blackening, 
yielding water, sulphurous acid, volatile organic products, and sul- 
phate of barium. 

We designate this salt as disulphetholate of barium. 

Disulphetholic acid is prepared by precipitating a solution of the 
barium-salt with sulphuric acid, the excess of which is again removed 
by digestion with oxide of lead, and subsequent treatment with sul- 
phuretted hydrogen. It is a crystalline and stable compound, very 
acid to the taste, and very deliquescent. With oxide of lead, or 
with carbonate of silver, it readily forms the respective salts, both 
of which are crystalline. 

After what has been said with reference to the action of sulphuric 
acid upon acetamide, it is scarcely necessary to remark that the sul- 
phopropionates and disulphetholates may be prepared with equal, or. 
even greater facility from propionamide. Care, however, should be 
taken to use the amide in a perfectly dry state, which prevents in 
great measure the formation of free propionic acid. 


Propy.e-SERIEs. 
Action of Sulphuric Acid upon Butyramide. 


Equal parts by volume of melted butyramide and Nordhausen 
sulphuric acid evolve much heat when mixed together. In the re- 
action two acids are eliminated, showing that the series bears a strict 
analogy with the deportment exhibited by the preceding group. 

As the ammonia-salts of these acids are wholly uncrystallizable, 
their separation is almost impossible. The barium-compounds also 
are scarcely to be obtained of a definite form, so that it is a matter 
of great difficulty to procure salts of sufficient purity for exact esti- 
mation. Recourse was had to fractional precipitation by alcohol. 

The first salt which was deposited formed minute grains, which 
adhered strongly to the sides of the glass vessel containing the solu- 
tion. It gave a percentage of barium which unmistakeably indicated 


the formula 
C, (H, Ba.) S$, Ojo, 


which is that of sulphobutyrate of barium. 

This substance in its reactions closely resembles (with the excep- 
tion of its greater solubility in water) the corresponding body of the 
ethyle-series. It burns like tinder, with evolution of sulphurous acid, 
and leaves a residue of sulphite and sulphate of barium. The aque- 
ous solution presents a gummy mass on evaporation. 

A further addition of alcohol to the mother-liquor of the sulpho- 
butyrate of barium throws down a flocculent precipitate, which ‘is 
very soluble in water. It was purified by repeated and partial pre- 
cipitation with alcohol. This substance, when dried at a tempera- 
ture of 165° C., furnished upon analysis numbers agreeing with the 


expression 
C, (Hg Bay) S, Oro, 
which is that of disulphopropiolate of barium. 
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PHENYLE-SERIEs. 
Action of Sulphuric Acid upon Benzonitrile. 


From the results obtained in the study of the methyle-, ethyle-, and 
propyle-series, we may fairly infer that all the homologues of other 
groups will exhibit a similar deportment. 

It appeared, however, desirable to extend our researches to a class 
of bodies which are analogous (not homologous) to the preceding 
series. 

Sulphuric acid appears to act with much less energy upon benzo- 
nitrile or cyanide of phenyle than upon the foregoing nitriles. No evo- 
lution of gas is observed until the mixture of the two substances is 
strongly heated, and then so much sulphurous acid is formed from 
charring of the cyanide that its presence is almost entirely masked. 

The digestion was continued for two hours, after which the dark 
residue was treated in the usual manner for the soluble barium-salts. 
That first obtained consisted of sulphobenzoate of barium. For 
identification, both the neutral and acid compounds were prepared, 
the respective formule of which, 


C,4 (H, Ba.) 8, O19, 


C1, (H; Ba) S$, Oy, 
were corroborated by analysis. 

An examination of the mother-liquor proved, as we had antici- 
pated, the presence of a more soluble salt. By rapid evaporation it 
appears as an amorphous mass, but a drop allowed to dry sponta- 
neously on the stage plate of the microscope exhibits it in the form 
of minute shuttle-shaped crystals. 

The formula of this body, deduced from a sulphur- and barium- 
determination, is 


and 


C,, (H, Ba) 8,0), 
which characterizes it as disulphobenzolate of barium. 

The question naturally suggested itself, whether the same acid 
could not be prepared directly from the hydrocarbon benzole. 

Mitscherlich has already described an acid (the sulphobenzolic) 
in which one equivalent of that hydrocarbon is associated with one 
equivalent of bibasic sulphuric acid. We have proved by experiment 
that sulphobenzolic acid takes up the elements of an additional equi- 
valent when it is submitted to the prolonged action of Nordhausen 
sulphuric acid, and that, in fact, the union of these two bodies pre- 
sents the most ready method of procuring disulphobenzolic acid in a 
state of purity. 

The preceding researches establish in two different groups of 
bodies the existence of a series of bibasic acids containing four equi- 
yalents of sulphur, and which, irrespectively of any special view re- 

arding their molecular arrangement, may be represented as formed 
4 the association of the hydrocarbon (corresponding to marsh-gas) 
of the various groups with four equivalents of anhydrous sulphuric 
acid,— 
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Disulphometholic acid ...... C, H,480,. 
Disulphetholic acid ........ C, H, 4803. 
Disulphopropiolic acid...... C, H, 480,. 
Disulphobenzolic acid ...... C,, H, 480,. 


An acid of analogous composition exists in the naphthaline-series, 
disulphonaphtholic acid, C,) H;4S0,, which was discovered by Ber- 
zelius, and subsequently studied by Laurent. Many of these sub- 
stances may be actually obtained directly from the hydrocarbons by 
the action of sulphuric acid. 

On the other hand, chemists are well acquainted with the deport- 
ment of olefiant gas under the influence of anhydrous sulphuric acid. 
The crystalline compound discovered by Magnus, and described by 
him under the name of sulphate of carbyle, whatever its constitution 
may be, can be considered as a direct combination of olefiant gas, 
with four equivalents of anhydrous sulphuric acid,— 


Sulphate of carbyle ...... C,H, 480,. 


It can scarcely be doubted that all the other hydrocarbons, 
Cn2 Hn», propylene, butylene, amylene, &c., will furnish homologous 
substances. 

Sulphate of carbyle, when submitted to the action of water, assimi- 
lates two equivalents, and is converted into a bibasic acid (ethionic), 
C,H,4S0, + 2HO=C,H,0,480,, which accordingly may be 
viewed as an association of alcohol with four equivalents of anhy- 
drous sulphuric acid. Terms analogous to ethionic acid are sure to 
be found when the study of the homologues of sulphate of carbyle 
shall be taken up by chemists. 

The production of disulpho-compounds of perfectly similar com- 
position, from substances belonging to such different groups of bodies, 
as the hydrocarbons homologous and analogous to marsh-gas, ethy- 
lene and alcohol, suggested the possibility that the substances in ques- 
tion might be but individual examples illustrating a far more general 
mode of formation. It became, in fact, probable that all organic 
bodies capable of uniting with the elements of two equivalents of 
anhydrous sulphuric acid might, under favourable circumstances, be 
induced to assimilate two additional equivalents of anhydrous sul- 
phuric acid, and thus furnish other terms belonging to the class of 
disulpho-compounds, 

The only additional class of compounds to which we have as yet 
successfully extended our labours, is the group of organic bases. 


Action of Sulphuric Acid upon Aniline. 


The first product which sulphuric acid forms with aniline is 
simply the sulphate of the base. 

A further addition of acid, assisted by heat, dissolves the sulphate, 
and after a sufficiently long digestion, the whole is converted into 
sulphanilic acid. If too high a temperature be employed, the acid 
becomes very dark in colour; and indeed there is a limit beyond 
which carbon is rapidly deposited, accompanied by the evolution of 
abundance of sulphuric acid. 
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The process of converting sulphanilic acid into the disulpho-com- 
pound is rather tedious. It may, however, be effected without fail, 
by treating for several hours the perfectly dry crystalline acid, mixed 
with strong Nordhausen acid, to the consistence of a paste. The 
heat should not exceed that at which sulphurous acid just com- 
mences to be evolved. We employed an air-bath heated from 160° 
to 170° C., and the digestion was continued until a portion removed 
by a glass rod showed no trace of crystallization when cooled or 
moistened with water. 

Treatment with carbonate of barium yielded in this mamner a very 
soluble salt, which furnished a brittle gum when evaporated. The 
new substance was precipitated from its solution by alcohol and 
dried at 200° C. A determination of the barium and the sulphur 
led to the expression C,» (H, Bay) N 8, 0)5, 
which is the formula of disulphanilate of barium. 

This salt is readily attacked by concentrated nitric acid with oxi- 
dation of the sulphur. It blackens when strongly heated on pla- 
tinum foil, and yields sulphurous acid without inflaming, a deport- 
ment in which it differs from sulphanilate of barium, which burns 
with a bright flame. When heated in close vessels it forms a cry- 
stalline sublimate, which consists of sulphite of aniline. 

Disulphanilic acid is prepared by decomposing the lead-salt with 
hydrosulphuric acid. It is very soluble in water, and crystallizes 
with difficulty. It may be precipitated from a strong aqueous 
solution by alcohol in the form of white grains. The precipitation 
is assisted by the addition of a little ether. It has a very rough and 
acid taste. 

We have also prepared the silver-salt by saturating the acid with 
carbonate of silver. The most ready method of obtaining it in a 
solid state is by precipitation with alcohol and ether. The aqueous 
solution, by concentration, deposits a black powder which makes it 
very difficult to obtain the crystals colourless, 

The formula of disulphanilate of silver is 

C,, (H; Ags) N 8, O,>. 

The potassa-salt is crystalline. It forms small grains or minute 

needles, which are insoluble in alcohol. 


The researches detailed in the preceding paragraphs may serve to 
characterize more fully a class of compounds of which only a few 
terms, isolated and scattered in widely different groups, had been 
previously observed. The only disulpho-acids hitherto known, are 
Berzelius’s and Laurent’s disulphonaphthalic acid, Magnus’s ethionic 
(disulphethylic) acid, and lastly, dithiobenzic acid, recently discovered 
by M. Kilkenkamp. To these we now add five new acids, belonging 
to several of the most important series of compounds :— 


Disulphometholic acid ...... C,H, 5,045. 
Disulphetholic acid ........ C,H,8,0,.- 
Disulphopropiolic acid ...... C,H, 8,0).- 
Disulphobenzolic acid ...... CoH, 
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Our experiments point out, moreover, the universal occurrence, 
and the general mode of formation of these substances. All organic 
molecules, particularly in the nascent state, appear to be capable of 
assimilating the elements of either two or four equivalents of anhy- 
drous acid. 

The formation of the two groups of acids which are thus produced 
presents a great analogy with the production of the nitro-substitutes 
generated under the influence of nitric acid. All these compounds 
are generated with the elimination of water. In the action of nitric 
and sulphuric acid upon benzole, for instance, we have, 


C,,.H,+HNO, =C,,H,NO, +2HO 
ed ._ oO.) 


Benzole. Nitrobenzole. 
C,,H,+2HNO, =C,,H,N,0,+4HO 
—— —' uu ——_,- ——_~ 
Benzole. Dinitrobenzole. 
C,, H,+H,S8,0, =C,,H,S8,0, +2HO 
oo ~~ 
Benzole. Sulphobenzolic 
acid. 

C,. H,+ 2H, S, O,=C,, H, 8, 0),+4HO 
= Saar Le 
Benzole. Disulphoben- 

J zolic acid. 


The analogy of these reactions is obvious. 

The action of nitric acid upon organic bodies is by no means 
limited to the production of nitro-compounds corresponding to 
nitrobenzole and dinitrobenzole ; frequently additional substitutes are 
formed with elimination of six, eight, and in a few isolated cases, 
even of ten equivaleuts of water. It is possible that analogous 
sulpho-compounds may exist. Hitherto, however, no substances 
have been observed in which the assimilation of sulphuric acid has 
gone further than in the disulpho-acids. 


June 19.—The Lord Wrottesley, President, in the Chair. 


The following communications were read :— 

“On Colour-blindness.” By William Pole, Esq., F.R.A.S., 
F.G.S., Memb. Inst. C.E. 

The author’s object in this paper is to state his own case of colour- 
blindness, which he believes to be one of the most decided on record; 
to compare it with others of the same kind; and to show that the 
general phenomena attending this defect of vision are more uniform 
and consistent, as well as more easy of explanation, than is generally 
supposed. 

For general information on the subject, reference is made to a 
work lately published by Dr. Wilson of Edmburgh, entitled “ Re- 
searches on Colour-Blindness,”’ in which a great number of cases are 
fully described, and the optical and physiological theories of the 
defect carefully discussed. 

After stating reasons which justify a colour-blind person under- 
taking the investigation and description of his own case, the author 
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gives a preliminary statement of his views in regard to the general 
theory and nomenclature of colours, adopting the ordinary hypo- 
thesis that red, blue, and yellow are the three primaries; a theory 
which, though it has been lately called in question, receives, it is 
considered, new support from the phenomena of the defect of vision 
under consideration. 

Dr. Wilson describes colour-blindness as of three kinds, namely— 

1. Inability to discern any colour except black and white. This 
is very rare. 

2. Inability to discriminate between the nicer distinctions of 
colour. This is so common as to be apparently rather the rule 
than the exception. , 

3. The third variety is the only one here treated of. Its outward 
manifestation is the inability to distinguish between many of the 
colours most marked to normal eyes, and its most complete form 
is what is called dichromic vision ; being total blindness to one 
of the three primary colours. 


The description of a case of colour-blindness may either be con- 
fined to a statement of what may be called the symptoms of the 
malady, i. e. the effects it produces on the individual’s judgment of 
colours ; or it may go further, and endeavour to describe the positive 
nature of the sensations experienced, the causes, so to speak, of the 
outward symptoms observed. The first is the plan usually adopted, 
but the author combines both in the account of his own case. 

As regards the outward symptoms, he finds them very similar to 
those of other cases; and for the purpose of showing this similarity, 
he collects in an appendix the principal features of nearly forty pub- 
lished cases, and points out that as a general rule he can corroborate 
the whole from his own impressions, the points where they appear 
to differ being very few and exceptional. 

An abstract is then given of the symptoms exhibited, as collected 
from these cases. They are as follows :— 


Blue and yellow are perfectly distinguished, and are the only 
colours seen in the spectrum. 

Almost all colour-blind persons think they see red, but it is fre- 
quently confounded with green (the most common mistake), 
black, orange, yellow, brown, blue and violet. Crimson and pink 
appear to have no relation to scarlet. 

Green is a most perplexing colour; it is not only confounded with 
red, but with black, white, or grey, orange, yellow, blue, violet 
and brown. 

Violet is confounded with blue or grey; and orange with yellow. 

More difficulty is manifested with light or dark tones of compound 
colours than with full ones. 


In explaining more accurately the real nature of the author’s 
vision of colours, he employs as standard examples of reference the 
** Cercles Chromatiques,”’ and ‘‘ Gammes Chromatiques”’ of M. Che- 
vreul (copies of which accompany the paper), the former giving 
various gradations of Aue, the latter, gradations of tone. He states 
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that his vision is perfectly dichromic, and shows the applicability to 
it of the definition of this kind of vision given by Sir John Herschel, 
which he believes has never hitherto been followed out so completely 
as is necessary to explain the phenomena observed. 

Blue and yellow he sees perfectly well, and has no reason to doubt 
that his sensations of these two colours are the same as those of the 
normal-eyed. The third primary, ved, is the one in regard to which 
his vision is defective, but the study of the sensations produced .by 
this colour has been involved in some difficulty. Carmine, the arti- 
ficial representative of what is usually considered pure red, presents 
to the author’s eye a very positive sensation, which he long supposed 
to be a distinct colour; but on examining it more closely, he found 
it to be merely a dark shade of yellow, as he could match carmine 
red perfectly with a mixture of yellow and black. There is, how- 
ever, a variety of red, namely crimson, which is perfectly invisible, as 
a colour, to his eyes, giving only a sensation of darkness; and the 
whole of the hues of red and orange between this and yellow present 
only different shades of the latter colour; the red element appearing 
to act, not as a colouring agent, but simply as a darkening power. 
The author has endeavoured to find the place of this, to him, neutral 
or invisible hue of red on the spectrum, and believes that if it exists 
there at all, it must be situated at one or both of the extreme ends, 


a position which would appear to distinguish it as possessing some ° 


peculiar property, and he offers a conjecture that this, and not car- 
mine red, may perhaps be the true primary colour. 

The hues of violet, lying between blue and crimson, appear, on a 
similar principle, only shades of blue, the red darkening the blue in 
the same manner as the yellow. 

In passing on to the green division of the colour circle, lying 
between the blue and yellow, the author calls attention to the appa- 
rent anomaly, that though colour-blind persons see blue and yellow 
perfectly well, their combination, green, should be so great a stum- 
bling-block. This fact appears to have perplexed everybody who 
has treated on the subject; the author imagined he was the first to 
discover the explanation, but he found he had been anticipated by 
Sir John Herschel, who says in his letter to Dalton, ‘the equili- 
brium of blue and yellow produces your white,” i.e. the white of the 
colour-blind is not white at all, but green. And this is consistent 
with theory; for if normal white is a combination of three elements, 
the invisibility of one of these elements to the colour-olird should 
naturally have the effect of changing the appearance of their com- 
pound. Since, therefore, green is only a colour to the normal-eyed 
as it is contrasted with white light, it becomes no colour at all to the 
colour-blind. The author proves this by showing that a certain hue 
of green exactly matches, to his eyes, a neutral grey; that all greens 
on the yellow side of this appear only shades of yellow, all on the 
blue side, only shades of blue. 

Thus the dichromic explanation of the author’s vision is complete. 
He has only two sensations of colour, properly so called, namely 
blue and yellow, all other hues in nature being reduced to shades of 
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these. The colour of light, or the hue resulting from their combi- 
nation, may be called green, white, or grey, at pleasure. It is shown 
that this explanation of colour-blind vision will fully account for the 
whole of the various symptoms above enumerated. Red and green, 
for example, are both seen only as shades of yellow, and if the yellow 
is of the same intensity in each, they will appear alike, and of course 
be confounded with each other. 

The anthor then proceeds to consider how far his own case may 
be regarded as a type of the defect in general. The varied and in- 
congruous nature of the symptoms has given rise to a belief that 
there are many varieties of colour-blindness, or at least many 
different degrees of severity ; but after carefully examining the pub- 
lished accounts, he has arrived at the conviction that the true di- 
chromic affection is much more common than is generally sup- 
posed. He points out reasons why the descriptions given by the 
colour-blind of their sensations may often be imperfectly expressed 
and easily misunderstood, alludes to the difficulty of explaining the 
symptoms by any other hypothesis, or even by classifying them in 
any consistent way; and considers the fact exemplified in his own 
case, that dichromic vision will explain all the phenomena, as 
strongly corroborative of the uniformity insisted on. 

From the results of his investigations, the author draws a few in- 
ferences in regard to the theory of the primary colours, although ad- 
mitting his incompetence to deal fully with this part of the subject. 
He considers that, from the extreme simplicity of the phenomena of 
colours as seen by the colour-blind, their experience may serve as 
a stepping-stone to the more complex problems of normal vision. 
Their light is divisible into two colours, blue and yellow; and since 
these must be undoubtedly primaries to the colour-blind, it is rea- 
sonable to infer they should also be primaries in the normal system. 
The dichromic eye further becomes of use as an analyser of colours, 
and can detect the presence of blue or yellow in compounds whose 
elements may be inseparable to normal eyes. Thus it finds that in 
orange there is much yellow, and in violet much blue, and therefore 
these cannot be simple colours. Red, producing no impression on 
the colour-blind eye, may be assumed to be a simple colour, and 
may therefore be put down as the third primary, so that the phe- 
nomena of colour-blindness would appear to confirm the ordinary 
theory, or at least are more consistent with it than with any other. 
The fact of carmine-red presenting to the colour-blind a decided 
sensation of yellow, affords a confirmation of Sir David Brewster’s 
theory of the triple spectrum, according to which this result ought 
to be expected. 

The principal symptom of colour-blindness being the mistaking of 
red for green, and vice versd, it has been thought that the use of 
these colours for railway and ship signals becomes dangerous where 
colour-blind persons may have to observe them. The author points 
out that this dager may be obviated by very simple means. Red 
and green are not confounded with each other generally, but only 
such hues of them as lie in both cases on the yellow side of the 
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neutral ; and therefore if the green be made a blue green at the same 
time that the red is a yellow red, they become quite as distinct to 
the colour-blind as to the normal-eyed. 

The colouring of geological maps is very perplexing to the colour- 
blind, and it is recommended that engraved marks, to distinguish 
the different strata, should always be added to the colours. 

In conclusion, the author gives hints which he considers useful for 
the examination of colour-blind persons, and states the importance of 
collecting further evidence on the subject, of an accurate and definite 
nature. 


“On the Thermal Effects of Fluids in Motion.” By J. P. Joule, 
Esq., F.R.S., and Professor W. Thomson, F.R.S. 


On the Temperature of Solids exposed to Currents of Air. 


In examining the thermal effects experienced by air rushing through 
narrow passages, we have found, in various parts of the stream, very 
decided indications of a lowering of temperature (see Phil. Trans. 
June 1853), but never nearly so great as theoretical considerations 
at first led us to expect, in air forced by its own pressure into so 
rapid motion as it was in our experiments. The theoretical investi- 
gation is simply as follows :—Let P and V denote the pressure and 
the volume of a pound of the air moving very slowly up a wide pipe 
towards the narrow passage. Let p and v denote the pressure and 
the volume per pound in any part of the narrow passage, where 
the velocity is g. Let also e—E denote the difference of intrinsic 
energies of the air per pound in the two situations. Then the equa- 
tion of mechanical effect is 


ae 5 fl ee 
3g (PV—pv) +(E—e), 


since the first member is the mechanical value of the motion, per 
pound of air; the first bracketed term of the second member is the 
excess of work done in pushing it forward, above the work spent by 
it in pushing forward the fluid immediately in advance of it in the 
narrow passage ; and the second bracketed term is the amount of 
intrinsic energy given up by the fluid in passing from one situation 
to the other. 

Now, to the degree of accuracy to which air follows Boyle’s and 
Gay-Lussac’s laws, we have 


gute 
p= p PV, 


if ¢ and T denote the temperatures of the air in the two positions 
reckoned from the absolute zero of the air-thermometer. Also, to 
about the same degree of accuracy, our experiments on the tempera- 
ture of air escaping from a state of high pressure through a porous ° 
plug, establish Mayer’s hypothesis as the thermo-dynamic law of 
expansion; and to this degree of accuracy we may assume the in- 
trinsic energy of a mass of air to be independent of its density when 
its temperature remains unaltered. Lastly, Carnot’s principle, as 
modified in the dynamical theory, shows that a fluid which fulfils 
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those three laws must have its capacity for heat in constant volume 
constant for all temperatures and pressures,—a result confirmed by 
Regnault’s direct experiments to a corresponding degree of accuracy. 
Hence the variation of intrinsic energy in a mass of air is, according 
to those laws, simply the difference of temperatures multiplied by a 
constant, irrespectively of any expansion or condensation that may 
have been experienced. Hence, if N denote the capacity for heat of 
a pound of air in constant volume, and J the mechanical value of the 
thermal unit, we have 


E—e = JN (T—2). 
Thus the preceding equation of mechanical effect becomes 
ae = es 7) 
3o= PV (2 qT) +IN (T—2). 
Now (see ‘ Notes on the Air-Engine,” Phil. Trans. March 1852, 
p- 81, or “ Thermal Effects of Fluids in Motion,”’ Part 2, Phil, Trans. 
June 1854, p. 361) we have 


‘alll Pay 


where / denotes the ratio of the specific heat of air under constant 
pressure to the specific heat of air in constant volume; H, the pro- 
duct of the pressure into the volume of a pound, or the “ height of 
the homogeneous atmosphere” for air at the freezing-point (26,215 
feet, according to Regnault’s observations on the density of air), and 
¢, the absolute temperature of freezing (about 274° Cent.). Hence 
we have 


’ 1 ( t ) wth EV. t 
e=PV(l 4 1-s)=— (1-5): 
Now the velocity of sound in air at any temperature is equal to 
the product of 4/4 into the velocity a body would acquire in falling 
under the action of a constant force of gravity through half the 


height of the homogeneous atmosphere; and therefore if we denote 
by a the velocity of sound in air at the temperature T, we have 


Ga== 0G EVic 
Hence we derive from the preceding equation, 
’ T-t k—1l/q\ 
Pu. oe (2) ’ 


which expresses the lowering of temperature, in any part of the 
narrow channel, in terms of the ratio of the actual velocity of the 
air in that place to the velocity of sound in air at the temperature 
of the stream where it moves slowly up towards the rapids. It is to 
be observed, that the only hypothesis which has been made is, that 
in all the states of temperature and pressure through which it passes 
the air fulfils the three gaseous laws mentioned above; and that 
whatever frictional resistance, or irregular action from irregularities 
in the channel, the air may have experienced before coming to the 
part considered, provided only it has not been allowed either to give 
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out heat or to take in heat from the matter round it, nor to lose 
any mechanical energy in sound, or in other motions not among its 
own particles, the preceding formulze will give the lowering of tem- 
perature it experiences in acquiring the velocity g. It is to be 
observed that this is not the velocity the air would have in issuing in 
the same "quantity at the density which it has in the slow stream 
approaching” the narrow passage. Were no fluid friction operative 
in the circumstances, the density and pressure would be the same in 
the slow stream flowing away from, and in the slow stream approach- 
ing towards the narrow passage; and each would be got by con- 
sidering the lowering of temperature from T to ¢ as simply due to 
expansion, so that we should have 


t  fV\r 
z= (5) 


by Poisson’s formula. Hence if Q denote what we may call the 
“reduced velocity” in any part of the narrow channel, as distin- 
guished from q, the actual or true velocity in the same locality, we 


have 
1 
V 't \k=1 
Q= on i (x) q 

and the rate of flow of the air will be, in pounds per second, wQA, 
if w denote the weight of the unit of volume, under pressure P, and 
A the area of the section in the part of the channel considered. 
The preceding equation, expressed in terms of the “reduced yelo- 
city,” then becomes 


wt oF} Bye) 
ie. eed t) asi 
and therefore we have 
Pa/ Leal (-4 
ie. ila) Ca ; 


The second member, which vanishes when ¢=0, and when ¢=, 
attains a maximum when 


peSineisy be 
the maximum value being 

2 578. 

a 


Hence, if there were no fluid friction, the ‘‘ reduced velocity”’ could 
never, in any part of a narrow channel, exceed °578 of the velocity 
of sound, in air of the temperature which the air has in the wide 
parts of the channel, where it is moving slowly. If this temperature 
be 13° Cent. above the freezing-point, or 287° absolute temperature 
(being 55° Fahr., an- ordinary atmospheric condition), the velocity 
of sound would be 1115 feet per second, and the maximum reduced 
velocity of the stream would be 644 feet per second. The cooling 
effect that air must, in such circumstances, experience in acquiring 
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such a velocity would be from 287° to 268° absolute temperature, 
or 19° Cent. 

The effects of fluid friction in different parts of the stream would 
require to be known in order to estimate the reduced velocity in any 
narrow part, according to either the density on the high-pressure 
side or the density on the low-pressure side. We have not as yet 
made any sufficient investigation to allow us to give even a conjec- 
tural estimate of what these effects may be in any case. But it 
appears improbable that the “reduced velocity,” according to the 
density on the high-pressure side, could ever with friction exceed 
the greatest amount it could possibly have without friction. It 
therefore seems improbable that the “reduced velocity” in terms of 
the density on the high-pressure side can ever, in the narrowest part 
of the channel, exceed 644 feet per second, if the temperature of the 
high-pressure air moving slowly be about the atmospheric tempera- 
ture of 13° Cent. used in the preceding estimate. 

Experiments in which we have forced air through apertures of 
+335 7235, and ;84,ths of an inch in diameter drilled in thin 
plates of copper, have given us a maximum velocity reduced to the 
density of the high-pressure side equal to 550 feet per second. But 
there can be little doubt that the stream of air, after issuing from an 
orifice in a thin plate, contracts as that of water does under similar 
circumstances. If the velocity were calculated from the area of this 
contracted part of the stream, it is highly probable that the maxi- 
mum velocity reduced to the density on the high-pressure side would 
be found as near 644 feet as the degree of accuracy of the experi- 
ments warrants us to expect. 

As an example of the results we have obtained on examining the 
temperature of the rushing stream by a thermo-electric junction 
placed 1th of an inch above the orifice, we cite an experiment, in 
which the total pressure of the air in the receiver being 98 inches of 
mercury, we found the velocity in the orifice equal to 535 and 1780 
feet respectively as reduced to the density on the high-pressure and 
that on the atmospheric side. The actual velocity in the small 
aperture must have been greater than either of these, perhaps not 
much greater than 1780, the velocity reduced to atmospheric den- 
sity. If it had been only this, the cooling effect would have been 

2 1115 
ing to 150° Cent. But the amount of cooling effect observed in the 
experiment was only 13° Cent.; nor have we ever succeeded in ob- 
serving (whether with thermometers held in various positions in the 
stream, or with a thermo-electric arrangement constituted by a nar- 
row tube through which the air flows, or by a straight wire of two 
different metals in the axis of the stream, with the junction in the 
place of most rapid motion, and in other positions on each side 
of it,) a greater cooling effect than 20° Cent; we therefore infer 
that a body round which air is flowing rapidly acquires a higher 
temperature than the average temperature of the air close to it all 
round, The explanation of this conclusion probably is, that the 

Phil, Mag, 8. 4, Vol. 18. No, 86, April 1857, xX 


exactly , that is, a lowering of temperature amount- 
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surface of contact between the air and the solid is the locality of the 
most intense frictional generation of heat that takes place, and that 
consequently a stratum of air round the body has a higher average 
temperature than the air further off; but whatever the explanation 
may be, it appears certainly demonstrated that the air does not give 
its own temperature even to a tube through which it flows, or to a 
wire or thermometer-bulb completely surrounded by it. 

Having been convinced of this conclusion by experiments on rapid 
motion of air through small passages, we inferred of course that the 
same phenomenon must take place universally whenever air flows 
against a solid or a solid is carried through air. If a velocity of 
1780 feet per second in the foregoing experiment gave 137° Cent. 
difference of temperature between the air and the solid, how probable 
is it that meteors moving at from six to thirty miles per second even 
through a rarefied atmosphere, really acquire, in accordance with 
the same law, all the heat which they manifest! On the other hand, 
it seemed worth while to look for the same kind of effect on a much 
smaller scale in bodies moving at moderate velocities through the 
ordinary atmosphere. Accordingly, although it has been a practice 
in general undoubtingly followed, to whirl a thermometer through 
the air for the purpose of finding the atmospheric temperature, we 
have tried and found, with thermometers of different sizes and va- 
riously shaped bulbs, whirled through the air at the end of a string, 
with velocities of from 80 to 120 feet per second, temperatures 
always higher than when the same thermometers are whirled in 
exactly the same circumstances at smaller velocities. By alternately 
whirling the same thermometers for half a minute or so fast, and 
then for a similar time slow, we have found differences of tempera- 
ture sometimes little if at all short of a Fahrenheit degree. By 
whirling a thermo-electric junction alternately fast and slow, the 
same phenomenon is most satisfactorily and strikingly exhibited by 
a galvanometer. This last experiment we have performed at night, 
under a cloudy sky, with the galvanometer within doors, and the 
testing thermo-electric apparatus whirled in the middle of a field ; 
and thus, with as little as can be conceived of disturbing circum- 
stances, we confirmed the result we had previously found by whirling 
thermometers. 


Velocity of Air escaping through narrow Apertures. 


‘In the foregoing part of this communication, referring to the cir- 
cumstances of certain experiments, we have stated our opinion that 
the velocity of atmospheric air impelled through narrow orifices was; 
in the narrowest part of the stream, greater than the reduced velocity 
corresponding to the atmospheric pressure ; in other words, that the 
density of the air, kept at a constant temperature, was, in the narrow- 
est part, less than the atmospheric density. In order to avoid mis- 
conception, we now add, that this holds true only when the difference 
of pressures on the two sides is small, and friction plays but a small 
part in bringing down the velocity of the exit stream. If there isa 
great difference between the pressures on the two sides, the reduced 
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velocity will, on the contrary, be /ess than that corresponding with 
the atmospheric pressure ; and even if the pressure in the most rapid 
part falls short of the atmospheric pressure, the density may, on ac- 
count of the cooling experienced, exceed the atmospheric density. 

We stated that, at 57° Fahr., the greatest velocity of air passing 
through a small orifice is 550 feet per second, if reduced to the 
density on the high-pressure side. The experiments from which we 
obtained this result enable us also to say that this maximum occurs, 
with the above temperature and a barometric pressure of 30°14 inches, 
when the pressure of the air is equal to about 50 inches of mercury 
above the atmospheric pressure. At a higher or lower pressure, a 
smaller volume of the compressed air escapes in a given time. 

Surface Condenser.—A three-horse power high-pressure steam- 
engine was procured for our experiments. Wishing to give it equal 
power with a lower pressure, we caused the steam from the eduction 
port to pass downwards through a perpendicular iron gas-pipe, ten 
feet long and an inch and a half in diameter, placed within a larger 
pipe through which water was made to ascend. The lower end of 
the gas-pipe was connected with the feed-pump of the boiler, a small 
orifice being contrived in the pump cover in order to allow the 
escape of air before it could pass, along with the condensed water, 
into the boiler. This simple arrangement constituted a ‘surface 
condenser”’ of a very efficient kind, giving a vacuum of 23 inches, 
although considerable leakage of air took place, and the apparatus 
generally was not so perfect as subsequent experience would have 
enabled us to make it. Besides the ordinary well-known advantages 
of the “surface condenser,’ such as the prevention of incrustation 
of the boiler, there is one which may be especially remarked as 
appertaining to the system we have adopted, of causing the current of 
Steam to move in an opposite direction to that of the water employed 
to condense it. The refrigerating water may thus be made to pass 
out of the condenser at a high temperature, while the vacuum is that 
due to a low temperature ; and hence the quantity of water used for 
the purpose of condensation may be materially reduced. We find 
that our system does not require an amount of surface so great as to 
involve a cumbrousness or cost which would prevent its general 
adoption, and have no doubt that it will shortly supersede that at 
the present time almost universally used. 


“Researches on the Velocities of Currents of Air in Vertical Tubes, 
due to the presence of Aqueous Vapour in the Atmosphere.” By 
W. D. Chowne, M.D. 

This was a paper supplementary to one presented June 14th, 1855, 
an abstract of which was published in the ‘ Philosophical Magazine’ 
for March, 1856. The author having ascertained that an upward 
current of air becomes established in a vertical tube placed in as 
quiescent an atmosphere as can be obtained, and having demonstrated 
its existence by means of anemometric dises placed in tubes as de- 
scribed in that paper, proceeded to ascertain the velocity of the 
eurrents by which the discs were moved. ' 

X2 


292 Royal Society. 


In order to estimate the velocity of the currents, one of the ane- 
mometric dises was placed within a short zinc tube three inches in 
diameter, the lower end of which was accurately fitted into an aspi- 
rator capable of containing thirty-six gallons of water. By drawing 
off in a given time a quantity of water equal in bulk to the cubic 
contents of one of the tubes described in the former paper, the 
velocity of a current required to produce a given number of rotations 
of the dise was determined. 

The experiments were varied by altering the height of water in 
the aspirator, and thereby changing the velocity, while the exit- 
orifice remained unaltered. 

By ascertaining the number of rotations of the anemometric disc, 
caused by currents of air of different velocities thus produced, he 
was enabled to arrive at a measure of the velocities in tubes placed 
in a still atmosphere, as described in his former paper. 

The author in that paper pointed out a correspondence between 
the variations of force in the upward currents of atmospheric air in 
the tubes and variations in the humidity of the atmosphere, and 
expressed his belief that the variations were attributable in great 
measure to the varying hygrometric conditions of the atmosphere. 

In further proof of this position, he has appended two tables, 
showing that both natural and artificial increase of atmospheric 
humidity are accompanied by increase in the velocity of the rotations, 
and that in each case increase of humidity is attended by increase of 
velocity, independent of temperature. 


«On the Stability of Loose Earth.’ By W. J. Macquorn Ran- 
kine, Esq., C.E., F.R.SS.L. & E., Regius Professor of Civil Engi- 
neering and Mechanics in the University of Glasgow. 

The object of this paper is to deduce the mathematical theory of 
that kind of stability which depends on the mutual friction of the 
parts of a granular mass devoid of tenacity, from the known laws of 
friction, unaided by any hypothesis. 

The fundamental principle of the internal stability of such a mass 
has already been published in the ‘ Philosophical Magazine’ for De- 
cember, 1856, viz. that the ratio of the difference to the sum of the 
greatest and least pressures at each point of the mass must not 
exceed the sine of the angle of repose. 

The principles of the general theory of the internal equilibrium of 
a solid mass are expressed in a form suited to the special subject of 
the paper. For the purpose of determining the conditions of equi- 
librium under its own weight, of a solid mass whose upper surface is 
that generated by the motion of a horizontal straight line along a 
line of any figure described on a vertical plane at right angles to the 
generating line, the mass is supposed to be divided into layers of 
equal horizontal thrust by a series of surfaces, which layers are sub- 
divided into elementary horizontal prisms by vertical planes normal 
to the vertical plane first mentioned. For independent variables 
there are taken the horizontal coordinate in this plane, and the total 
horizontal thrust from the upper surface down to a given surface of 
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equal thrust. The condition of equilibrium of any one of the be- 
fore-mentioned elementary prisms being expressed by a differential 
equation in terms of those variables, the integration of that equation 
gives the vertical coordinate of any surface of equal thrust in terms 
of the total thrust down to that surface and of the horizontal co- 
ordinate. The integral obtained belongs to a class first investigated 
by Fourier. 

An approximation to the forms of the surfaces of equal thrust 
is obtained by a simple graphic process, first employed by Prof. 
William Thomson in connexion with the theory of electricity. 

It is shown incidentally how the same integral may be applied to 
determine the intrados from the extrados of any arched rib, loaded 
only with its own weight. : 

The pressure on a surface of equal thrust is vertical; the pressure 
on a vertical plane at a given point is parallel to the surface of equal 
thrust traversing that point. When the upper surface of the mass 
of earth is one plane, horizontal or inclined, the surfaces of equal 
thrust are planes parallel to it. When the upper surface presents 
elevations and depressions, the surfaces of equal thrust have corre- 
sponding elevations and depressions, gradually vanishing as the 
depth increases. 

The principles of the paper are applied to the determination of 
the pressure of earth against walls, and the power of earth to sustain 
buildings. The weight of the building which a horizontal bed of 
earth will sustain, exceeds the weight of the earth displaced by the 
foundation, in a ratio which is a function of the angle of repose. 


GEOLOGICAL SOCIETY. 
{Continued from p. 214.] 
February 25, 1857.—L. Horner, Esq., V.P., in the Chair. 


The following communications were read :— 

1. “ Notice of the late Earthquake at Crete.” By H. S. Ongley, 
Esq., H.M. Consul in Crete. From the Foreign Office. 

This was communicated in three despatches relating to the occur- 
rence of the earthquake in Crete, in October 1856, accompanied 
with much destruction of property and loss of life at Canea, Retimo, 
and the neighbouring villages. 


2. ‘Description of some remarkable Mineral Veins.” By Prof. 
D:. T. Ansted, M.A., F.R.S., F.G.S. 

1. San Fernando Copper Lode, Cuba.—The district in which these 
lodes are found consists of granites and syenites, passing into por- 
phyritic rocks, and partly covered with calcareous conglomerate 
and limestone. ‘The granites are affected by systems of joints which 
heave each other, and by veins of felspar occasionally containing sil- 
ver. ‘The mineral fields occur in calcareous porphyries passing into 
true porphyries, and into conglomerates. ‘The upper lodes, which 
range E, and W., occur in the altered porphyries, and consist of two 
groups, which have been traced about a mile in length ; the width of 
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the lodes reaching 50 feet, and the width of the mineral field half 
amile. The underlie is small. The principal lode (the northern) 
has been opened on by eight pits, whence have been taken, from a 
depth nowhere exceeding 32 fathoms, upwards of 10,000 tons of 
‘rich copper-ore. Ore was seen at the bottom at one shaft, the lode 
being 35 feet wide, including about 5 feet of barren ground and some 
underlie on the foot wall. 

2. Sykesville Copper Lodes near Baltimore, U.S.—The country here 
consists of metamorphic rock ranging N.N.E. and S8.S.W., and 
dipping E.S.E. at a high angle. There are in the lodes granites, 
gneiss, and mica-slate, with magnesian rocks. The lodes are nearly 
vertical, ranging parallel to the “‘ country’, but dipping in the oppo- 
site direction. ‘he veins at the top contain much magnetic oxide of 
iron, but below ten fathoms this changes to pyrites, succeeded and 
accompanied by copper pyrites. The lode did not appear settled at the 
depth reached by the existing shafts. There were several points at 
which pits had been sunk and some copper ore obtained: in all of 
them the gossan had a tendency to pass into magnetic iron-ore. A 
remarkable and very large group of lodes was observed at the ‘‘ Point 
of Rocks,” where the outcrop is hydrated oxide of iron, worked as an 
lron-ore to some extent. 

3. Ducktown Copper Lodes in East Tennessee, U.S.—In the south- 
eastern corner of Tennessee, near North Carolina and Georgia, are a 
number of lodes, strongly indicated by a rich gossan, and yielding a 
peculiar and rich black ore which has attracted much attention from 
American geologists. The “country” consists of altered Silurian 
schists, alternating with grits ; all striking parallel to the mountain 
range (N. 30° E., 8S. 30° W.), and dipping S.E. at a high angle. The 
talcose schists pass into garnet schists and become steatitic. They 
are accompanied by numerous strings of quartz, not true veins, the 
width of which varies from a few inches to 10 or 18 feet, and which. 
occasionally show a gossan, either of hydrous or magnetic oxide of 
iron, with spongy quartz. These veins are nearly parallel to the 
strike of the country and dip S.E. 

Besides the quartz strings, and within a small tract of six square 
miles intersected by them, are four gossan beds, of large size but with 
well-defined limits, which are connected by quartz strings, as well 
as accompanied by solid ribs of quartz on the foot or hanging wall. 
These also dip S.E. The enclosing rocks are talcose and steatitic, 
and contain cyanite, epidote, and garnets. 

The length of the gossan lodes varies from 600 yards to upwards 
of a mile, the breadth varying from a few yards up to 250 feet; 
these dimensions have been proved to be correct by measuring the 
outcrop of the gossan. Wherever the gossans have been sunk 
through, masses of black ore, highly cupriferous, have been found 
at a small depth (from 6 to 90 feet). Below the black ore is a hard 
dense quartzose yeinstone spotted with copper ore, which has been 
worked to the depth of 18 fathoms in some places, but hitherto with 
no satisfactory result, although fair indications of copper lodes of 

_the ordinary kind have been found, ‘The thickness of the black ore 
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varies from a few inches to 18 feet; but, where tolerably uniform, the 
average is 4 or 5 feet. Rich bunches of ore are found occasionally. 

The ore, as assayed by Mr. Henry, consists of—sulphur, 29°47 ; 
copper, 26°73; iron, 26°04; quartz, 8°6; oxygen and loss, 9°16. 

The yield, on an average of six samples taken carefully from heaps 
of ore from different mines, is 26°2 per cent. of copper. 

Of the four lodes, the Hiwassee ranges N.E. and 8.W., dipping 
S.E. about 15 inches in a fathom. The gossan has been traced for 
a mile and a half, the width averaging 30 feet, and the thickness of 
black ore 3 feet. It is continued by strings of quartz towards the 
S.W.., and also by a kind of contra-lode, which ultimately becomes the 
Tennessee lode. This latter is irregular and bunchy, but has yielded 
large quantities of rich black ore and some red oxide. It has been 
traced as a gossan-lode for about three quarters of a mile, ranging 
N. 20° E. and S. 20° W. 

The Polk-County lode is nearly parallel with the Tennessee lode, and 
of about the same length, as determined by its outcrop. It is asso- 
ciated with several veins, none of which have yet been found to be 
protluctive. Its breadth is from 20 to 40 feet, and the thickness of 
black ore averages 3 feet. The Isabella lode is only 600 yards 
long, but as much as 80 yards wide, and generally contains about 
3 feet of the black ore; it ranges nearly parallel to the Hiwassee 
lode. It terminates abruptly, strings of quartz proceeding from the 
extremities, without much approach to parallelism with the pro- 
ductive lode. 

The following are given as the points of resemblance found on 
comparing these lodes with others. (1) They have distinct parallel 
walls, and their range is independent of that of the “ country.” (2) 
They contain yveinstone and show gossan. (3) They are limited 
in length and breadth, but apparently unlimited in depth, (4) They 
are parallel veins and branches. (5) They are inclined at a high 
angle. On the other hand they present the following differences :-— 
(1) They are generally parallel to the bedding of the enclosing schists, 
(2) They agree with the “ country”’ in dip as wellasin strike. (3) 
They contain within their walls portions of the “‘ country” unaltered. 
(4) They present a mass of rich black copper ore between the 
gossan and yeinstone, entirely distinct from either and mechanically 
separated. (5) The width and depth of the ore appears to bear 
some relation to the form of the surface. 

In some of these points of difference there is an analogy with the 
auriferous veins of Virginia and North Carolina, but the fourth point 
is peculiar. They are considered to be of the nature of stock-works, 
or gaping fissures filled up at a more recent date than that at which 
the rocks had become perfectly metamorphosed. ‘They may be 
connected below with bunches of yellow copper pyrites, obtainable 
only by mining operations of a more regular character than have yet 
been undertaken. Analogous deposits are believed to occur in Vir- 
ginia about 100 miles to the north. 
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XLII. Intelligence and Miscellaneous Articles. 


RESEARCHES ON THE ELECTRICITY OF THE AIR AND THE EARTH, 
AND ON THE CHEMICAL EFFECTS PRODUCED BY SLOW ACTIONS, 
WITH OR WITHOUT THE CONCOURSE OF ELECTRICAL FORCES. 
BY M. BECQUEREL. 


VIRST PART. On the Electrical State of Gases and Vapours.—The 
fundamental principle which must serve as a guide in researches 
relating to the natural sources of electricity, as also to its other 
sources, is this: —Every mechanical, physical, or chemical work dis- 
engages electricity ; in other words, the equilibrium of the molecules 
cannot be disturbed without that of the electricity being so likewise. 
On the other hand, electricity cannot be set in motion without there 
being a manifestation of molecular actions, betraying themselves by 
an elevation of temperature, a chemical decomposition, or magnetic 
actions. 

All combustible bodies which are conductors of electricity disen- 
gage electricity during their combustion: the combustibie body sets 
free negative electricity, the comburant body sets free positive electri- 
city; this fact has been placed beyond a doubt by M. Pouillet as 
regards charcoal. In this memoir I show that the effects are the 
same whether the bodies are conductors or non-conductors of elec- 
tricity. 

The change of the state of bodies and evaporation, properly so 
called, do not furnish electricity, as was long ago observed. ‘This 
negative result seems to imply a contradiction to the principle indi- 
cated above, namely, that the equilibrium of the electrical forces is 
disturbed whenever a molecular operation is produced. Why are 
there no electrical effects in these cases? Would not something 
take place similar to what occurs in the uniform friction of two 
similar bodies against each other? There is no electricity, because 
we see no reason why one molecule should take one electricity rather 
than another. But if no electricity is evolved, there is a production 
of heat. On the other hand, we know that the friction between two 
similar bodies is more energetic than when they are dissimilar. We 
also know that changes of state are accompanied by powerful calorific 
effects ; and besides, there appears to exist a dependence of such a 
nature between the production of heat and that of electricity, that 
when one increases, the other diminishes, and vice versd, so that one 
may disappear with the increase of the other. Some examples will 
furnish a proof of this. When electricity circulates in a metal wire, 
the greater the heat produced, the less the quantity of electricity 
passed, and vice versd; things therefore go on as though the elec- 
tricity were converted into heat. When we collect the heat produced 
in an amalgamated couple of copper and zinc in a closed circuit, we 
find that the sum of heat produced in the chemical action of the 
acidulated water upon the zinc and in the conducting wire is constant, 
so that the quantity of heat disengaged in the reaction is greater in 
proportion as less electricity passes in the wire, and vice versd, 
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Have I not also proved, that in the friction of two similar bodies, 
effected in such a manner that one of them becomes more heated 
than the other, there is an evolution of electricity, and the body which 
becomes most heated receives the negative electricity? It has even 
been inferred from this, that in the friction of two dissimilar bodies, 
that which disengages the most heat generally has a negative tend- 
ency. All these facts show an intimaté relation between the pro- 
duction of heat and that of electricity, which I have always regarded 
as concomitant, and which may be of such a nature that one becomes 
annulled by the increase of the other. There would therefore be 
nothing surprising if, in changes of condition, the electrical effects 
disappeared in presence of the calorific effects. 

The considerations which I have just put forward support the 
chemical theory of the evolution of electricity in the pile; a theory 
which I have always maintained for more than thirty years, namely, 
that contact alone could not evolve electricity, and that for this pur- 
pose some molecular work is necessary. 

But if the evaporation of water or of a solution in a platinum cap- 
sule at or below the temperature of ebullition furnishes no electricity, 
this is no longer the case if a few drops of the liquid be projected by 
means of a pipette into the capsule, when this is sufficiently heated 
to render the evaporation immediate; there is instantly a production 
of electricity ; the vessel becomes negative to such a degree that the 
effect may be observed without the employment of the condenser : 
this effect is due to the friction of the water at the instant when it 
becomes converted into vapour on the inner wall of the capsule, and 
is of the same kind as that observed in Armstrong’s experiment. 

The gases are electrical at the moment when they are evolved 
abundantly from a liquid; hydrogen and ammonia take an excess of 
negative electricity ; carbonic acid and oxygen an excess of positive 
electricity: these effects are due, not to a chemical decomposition, 
for then the results would be reversed, but to the friction of the 
gases against the liquids. 

Must we not infer from this, that, by an effect of the same kind, 
the oxygen and carbonic acid gases exhaled from the leaves of plants 
carry positive electricity with them into the air? 

Szconp Parr. On the Electrical Effects produced by the contact of 
Earth and Water.—The electrical effects produced by the contact of 
soils with fresh and salt waters have been observed successively 
with plates of gold or platinum, and with the same plates covered 
with powdered charcoal of sugar-candy, to retard, as far as possible, 
the polarization produced when the circuit is closed, so as to be able 
to measure the effects ; the charcoal then acts upon the gases depo- 
sited by its absorbent power. A sine compass was placed in the 
circuit. 

Numerous experiments made in the Jura, in Lorraine, in the 
Nivernais, and on the sea-coasts of Belgium and France, have proved 
that vegetable mould is always positive in its contact with fresh or 
sea water; that the electrical effects are very slight between waters 
and the adjacent soils when the latter are permeable to the waters ; 
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thus during the inundations of the plains of the Sadéne, scarcely per- 
ceptible currents were obtained by establishing a metallic communi- 
cation between the Saéne and the soils which had just been inun- 
dated. In salt marshes, as must have been expected, the soil is ne- 
gative in relation to fresh waters. 

I have found that the electromotive force produced by the contact 
of sea-water and vegetable mould is, ceteris paribus, about 2°4 
stronger than that which is produced by the contact of the same 
soils and fresh waters. 

These experiments were followed night and day last winter at the 
Jardin des Plantes, by putting the water of one of the wells of the 
establishment in communication with the surrounding earth, Varia- 
tions and inversions in the direction of the current were proved, due 
to the infiltration of waters containing substances, which are not 
always of the same nature, into the wells of large towns. 

Tutrp Part. On Terrestrial Couples with constant currents.—-Expe- 
rience having shown that the results could only be depended upon 
when the electrodes prepared with charcoal had been placed for 
several days in contact with the soils and waters, I found myself 
compelled in the course of last summer to establish an observatory 
in a locality of the department of Loiret, where I collected a great 
part of the materials contained in the memoir which I now present 
to the Academy. 

On comparing the terrestrial couple composed of salt water of 3°, 
good vegetable mould, and two coke electrodes, with a couple with 
sulphate of copper, it was found that the electromotive force obtained 
with sea-water or salt water is 0°45 of that of the latter couple; this 
consisted of a glass vessel containing a saturated solution of sulphate 
of copper and a plate of copper, and of an immersed diaphragm of 
unglazed porcelain containing water acidulated with one-tenth of 
sulphuric acid, and a cylinder of amalgamated zinc. By employing 
as electrodes, coke covered with peroxide of manganese, this force 
becomes five times as great; the peroxide of manganese acts by 
removing the hydrogen which is deposited on the negative electrode, 
which causes a current in the same direction as the terrestrial cur- 
rent. The electromotive force at the contact of water and vegetable 
mould is the tenth of that of the couple formed of amalgamated zinc 
immersed in fresh water and charcoal in contact with vegetable 
mould. 

The composite terrestrial couple, formed of salt water of 3° in 
which a plate of amalgamated zinc is immersed, and of vegetable 
mould in contact with a plate of manganized charcoal, has an elec- 
tromotive force represented by 0°52, that of the couple with sulphate 
of copper being represented by 0°579, and that of the couple with 
nitric acid by 1:0. This couple was that of Grove, formed of a dia- 
phragm of 4 centims. in length and 2 in diameter, and an electrode 
of platinum 4 centims. in length and breadth. The diaphragm con- 
tained acidulated water (one-tenth) in which a little cylinder of 
amalgamated zinc was immersed. 

The constancy of the current of this composite terrestrial couple. 
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when the circuit is closed, is most remarkable. In twenty-four hours 
the electromotive force only loses 0°02 of its original intensity, and 
then the couple becomes perceptibly constant for several days. Ter- 
restrial couples with a constant current are likewise obtained with 
iron and lead. 

The composite terrestrial couple was formed of a plate of amal- 
gamated zinc with an area of 1 decimetye square, placed in a good 
vegetable mould at 1 decimetre from the surface, and of a plate of 
manganized coke, immersed in an earthen cylinder open at both ends, 
with one end buried in the earth and surrounded with clay to a height 
of 1 decimetre; then filled with salt water marking 3°, The zinc 
was 2 metres from the coke. 

The resistance of this terrestrial couple is 5°34 greater than that 
of the nitric acid couple; but this resistance is variable, and depends 
on the nature of the soil, its hygroscopic state, and the distance 
between the elements. 

Fourrs Parr. On Storms.—Amongst the natural sources which 
furnish electricity continually to the air, we must distinguish the 


following ;:— 


1. The exhalation of oxygen and carbonic acid gas by the leaves 
of plants, which furnishes positive electricity to the air. 

2. The contact of soils and fresh and salt waters; the former 
acquire an excess of positive, and the latter of negative electricity. 

Living vegetables behave in the same way in relation to the earth, 
that is to say, the parenchymatous tissues are negative, and the earth 
positive; the two electricities are transmitted to the air by the me- 
diation of vapours. 

3. The decomposition of animal and vegetable matters at the sur- 
face of the earth and in the water, which gives rise to complex effects. 

4. The contact of cold and warm waters circulating on the sur- 
face of the seas; the cold waters are positive, and the warm nega- 
tive. ‘The tension of the electricity, considering the extent of the 
surfaces, must certainly be exceedingly weak ; for the evolution of 
electricity only takes place by contact where there is a mixture of 
cold and warm waters, 

It has been asked whether, in evaporation in the present and 
similar cases, that is to say, in a voltaic couple of which the circuit 
is not closed, each element can furnish electricity to the vapour 
which escapes from it. We know very well that when one of the 
elements of a couple is put in communication with the earth, we may 
give a charge to a condenser by placing one of the plates in com- 
munication with the other element; ought the case to be similar in 
this same couple when vapour escapes from each element? There 
is nothing to oppose this, seeing that the vapour continually carries 
off the excess of electricity proper to each element, as might be done 
by a conducting body which would complete the circuit. It is pre- 
cisely what takes place when the two plates of a condenser are put 
in communication with the two elements of a couple. 

We see therefore that a great number of facts tend to prove that 
electricity, sometimes positive, sometimes negative, is evolved in the 
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air from various natural sources ; recompositions of the two electri- 
cities must therefore continually take place. The result is an excess 
of positive electricity when the sky is serene; for this purpose it is 
necessary that the sources which furnish this electricity should be 
the most numerous, and these sources are probably vegetation and 
the contact of soils and waters. 

After recalling all that we know of the formation of storm-clouds, 
I have pointed out that the storm does not generally burst except 
when two clouds charged with opposite electricity are in presence 
of each other, or when a strongly electrified cloud comes within 
the sphere of the earth’s activity. In these two cases there is action 
by influence and a re-establishment of equilibrium. Thus in places 
where sources of opposite electricity exist at some distance apart, 
these localities combine the principal conditions for the production 
of storms. 

In the polar regions the rarity of storms is probably connected as 
much with the absence of evaporation as with the small number of 
natural sources of electricity ; just as under the tropics the fre- 
quency of storms is in relation to the abundance of evaporation and 
that of the sources of electricity. 

The diminution of storms in advancing, on the one hand, into the 
continents, and, on the other hand, in departing from the coast into 
the open sea, where it very rarely thunders, seems to indicate that 
the greatest number of sources of opposite electricity exist at but a 
small distance from the coasts; it is there consequently that they 
must be sought. 

Firru Part. On the Crystalline Compounds formed in slow actions 
with or without the concurrence of electrical forces.—The examination 
of the natural sources of electricity which must intervene in the 
phenomena of decomposition and recomposition of mineral substances, 
has led me again to the study of the slow actions which take place 
with or without the apparent concourse of electricity, a question 
which possesses a high degree of interest for geologists. In the first 
place, I have indicated the improvements which I have introduced 
in the processes which I have hitherto made use of to obtain various 
metallic oxides, and double or simple basic salts in a crystalline form ; 
I have then shown how the following products may be obtained cry- 
stallized in the space of several years, upon mineral substances placed 
in suitable conditions :— 

1. The double carbonate of lead and soda upon galena in small 
acicular crystals, which will be found some day in lead mines into 
which water charged with bicarbonate of soda filters ; 

2. Carbonate and sulphate of lead upon galena in crystals similar 
to the native ones; 

3. Arseniate of lime upon sulphate of the same base, exactiy 
similar to what is met with in some veins; 

4, Bibasic phosphate of lime crystallized, with phosphate of cop- 
per upon limestone ; 

5. Double combinations, which will be found described in my 
memoir ; 
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6. Copper pyrites, which was made to undergo. such a decompo- 
sition that its surface became adorned with the fine colours pre- 
sented by iridescent copper pyrites. 

When I commenced, thirty years ago, occupying myself with the 
reproduction of mineral substances by the concurrence of the elec- 
trical forces with those of the affinities, it was objected against me 
that nature did not make use of voltaic couples. This objection 
did not appear to me to be of a serious nature. I showed that I 
sometimes arrived at the same end without the intervention of a 
couple by placing insoluble mineral substances in contact with various 
solutions for several years. From this has resulted this new prin- 
ciple in chemistry, that the insolubility of bodies is not absolute, 
and that, in course of time, when they are ‘in contact with certain 
solutions, double decompositions take place, which give origin to 
crystallized compounds similar to those found in metalliferous strata. 
—Comptes Rendus, Dec. 15, 1856, p. 1101. 


TWINKLING OF THE STARS. 


The stars twinkled much at Brighton on the evening of the 16th 
of March. Sirius and Aldebaran were in sight; and on pass- 
ing the axis of the eyes across them so as to produce a changing 
place for their image on the retina, it was seen that the difference 
due to twinkling was so great as at certain moments to cause the 
apparent extinction of the stars. A mirror was therefore held in the 
hands so as to send a reflected image of the selected star to the eye, 
and then the mirror was moved in such a manner as to throw the 
image of the star into a line or a circle, which could easily be done. 
Upon examining the brightness of the star image at the moment 
when it was reflected from different parts of the moving mirror, the 
light was seen to differ enormously, and very frequently, indeed, to 
be replaced entirely by darkness. In fact, the successive phases of 
the star, which, being seen in one direction, gave a continual but 
wavering light, were now separated into their luminous and their 
absolutely dark conditions ; and thus the effect of twinklings made 
far more manifest than by the ordinary mode of observation. The 
apparent extinctions were not for long together; but they often cut 
up a circular path of light of about 10 degrees angular space into 
six, seven, or eight parts, separated by short dark intervals without 
sensible light. M. F. 


NOTE ON THE DENSITY AND THE MASS OF COMETS. 
BY M. BABINET. 


All astronomers are agreed that the mass and density of comets 
are very small, and that their attraction cannot produce any sensible 
effect upon the movements of the planetary bodies. We shall see 
that from the effects observed, combined with the laws of optics, we 
may deduce the conclusion that the direct shock of one of these 
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bodies could not cause the penetration of the infinitely rarefied matter 
of which they are composed, even into our atmosphere. 

It is a well-ascertained fact that stars of the tenth and eleventh 
magnitude, and even lower ones, have been seen through the central 
part of comets, without any sensible loss of brilliancy. Amongst the 
observers who have frequently proved this optical fact, we find the 
names of Herschel, Piazzi, Bessel, and Struve. In most cases, says 
Mr. Hind, there is not the least perceptible diminution in the bril- 
liancy of the star. As to the pretended phases of the cometary 
nuclei, the direction of the line of the horns was incompatible with 
the hypothesis of the illumination of an opake nucleus, and the 
modern representations of the appearance of comets readily explain 
the error of those who have assumed opake nuclei. I shall take as 
an example the well-known comet of Encke, which is sometimes 
visible to the naked eye, and generally presents a rounded mass. 
In 1828 it formed a regular globe of about 500,000 kilometres in 
diameter, with no distinct nucleus; and M. Struve saw a star of the 
eleventh magnitude through its central part, without noticing any 
diminution of brilliancy. In an observation of M. Valz, on the other 
hand, a star of the seventh magnitude almost entirely effaced the 
brightness of a brilliant comet. Let us start from these observed 
facts. 

Since the interposition of a comet illuminated by the sun does not 
sensibly weaken the light of a star in front of which it forms a lumi- 
nous curtain, it follows that the brilliancy of the comet is nota 
sixtieth part of that of the star, for otherwise the interposition of a 
light equal to a sixtieth part of that of the star would have been sen- 
sible. We may therefore assume, that at the utmost the brilliancy 
of the comet equalled a sixtieth part of the light of the star. Thus, 
by this hypothesis, if the comet were rendered sixty times more 
luminous, it would have a lustre equal to that of the star; and if it 
had been rendered sixty times sixty times, that is to say three thou- 
sand six hundred times, more luminous than it was, it would then 
have been sixty times more luminous than the star, and in its turn 
would have made the latter disappear by the superiority of its lustre. 

The conclusion from this is therefore that it would have been 
necessary to illuminate the cometary substance more than three 
thousand six hundred times more than it was then illuminated by 
the sun, to enable it to cause the disappearance of a star of the eleventh 
magnitude. 

We may assume that the lightof the moon causes the disappearance 
of all the stars below the fourth magnitude; thus the atmosphere 
illuminated by the full moon acquires sufficient luminosity to render 
stars of the fifth, and all lower magnitudes invisible. 

Between the fifth magnitude and the eleventh, there are six orders 
of magnitude, and according to the fractional relations of these dif- 
ferent orders, we may admit that a star which is a single degree of 
magnitude above another, is two and a half times more luminous 
than the latter. In the publications of the Observatory of Oxford, 
Wwe may see a good compilation of that excellent astronomer, Mr, 
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Johnson, upon this subject, and very recently a work by Mr. Pogson 
on the valuations of magnitudes has appeared. From this we learn 
that a star of the fifth magnitude is about two hundred and fifty 
times more brilliant than a star of the eleventh magnitude. Thus 
the illumination of the atmosphere by the moon is much more intense 
than the illumination of the cometary substance by the sun itself, 
since it would be necessary to render the comet three thousand six 
hundred times more luminous to enable it to extinguish a star of the 
eleventh magnitude, whilst the luminosity of the atmosphere illumi- 
nated only by the moon is sufficient to render invisible stars which 
are two hundred and fifty times more brilliant. 

The disproportion becomes still more striking when we consider, 
that, according to the measurements of Wollaston, to which Sir John 
Herschel says he sees no objections to be made, the illumination of 
the full moon is a little less than the eight hundred thousandth part 
of the full illumination of the sun. 

To complete the data of our definite calculation, we shall call 
to mind, that, according to the density of the air in the lower strata 
of the atmosphere and its total weight as indicated by the barometric 
column, the whole stratum of air which constitutes the atmosphere 
is equivalent to a stratum of about 8 kilometres in thickness, and 
possessing the density of the air at the surface of the earth. 

We have .alseady found that it would be necessary to render the 
comet 3600 times more luminous for it to extinguish the lustre of a 
star of the eleventh magnitude. To render a star of the fifth magni- 
tude invisible, it would require to be made 3600 x 250 times more bril- 
liant than itis. In other words, if the atmosphere were 3600 x 250 
times less compact than it is, it would be equivalent to the comet. 

As 3600 x 250 make 900,000, the nine hundred thousandth part 
of the atmosphere would suffice to produce the same effect of illu- 
- mination as the comet; but as the latter is in the full light of the 
sun, whilst the atmosphere is only illuminated by the moon when it 
extinguishes stars of the fifth magnitude, this circumstance gives the 
atmosphere a further advantage in the proportion of 800,000 to 1; 
which under ordinary circumstances gives the atmosphere a supe- 
riority equal to 900,000 x 800,000, or 720 billions. 

But this is not all: the thickness of the cometary substance being 
500,000 kilometres, whilst that of the atmosphere is only 8 kilo- 
metres, we must increase the above relation in the proportion of 
500,000 to 8, which brings it to forty-five millions of billions, thus— 


45,000,000,000,000,000. 


Thus, according to these data, the density of the substance of a comet 
could not be calculated at so high a quantity as that of the atmo- 
sphere diminished by the enormous divisor, forty-five millions of 
billions. The shock of a substance so rarefied would be nothing at 
all, and not the least particle of it could penetrate even into the 
most rarefied parts of our atmosphere. 

According to experiments of my own, gases lose their property of 
elasticity long before they are reduced to such a low density. I do 
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not think that at the ordinary pressure a gas could completely fill a 
vessel with 20,000 times the original volume of the gas. The sub- 
stance of comets is therefore a kind of very divided matter, with its 
molecules isolated and destitute of mutual elastic reaction. 

It follows from the preceding that both the mass and the density 
of a comet are infinitely small, and without any hypothesis we may 
say that a sheet of common air of 1 millimetre in thickness, if trans- 
ported into the region of a comet and illuminated by the sun, would 
be far more brilliant than the comet. 

The mass of the earth, according to the average density given by 
Baily, may be reckoned at - 

6,000,000,000,000,000,000,000,000 kilogrammes ; 
the matter of comets being assimilated above to air of which the 
density would be 

45,000,000,000,000,000 
times less than that of the ordinary air, this would lead us to assi- 
milate it to the substance of the earth diminished to about 
194,000,000,000,000,000,000,000 

times less than its ordinary density. By this estimate a comet as 
large as the earth would only weigh 30,000 kilogrammes ; this makes 
thirty tons of 1000 kilogrammes, or the weight of thirty cubic metres 
of water.—Comptes Rendus, February 23, 1857, p. 357. 


ON AN APPARATUS TO DETERMINE THE SOLUBILITY OF SALTS AT 
HIGH TEMPERATURES. BY CHEV. CH. VON HAUER*, 
Chev. Ch. von Hauer has invented an apparatus to determine 
exactly the solubility of salts at high temperatures, an operation of 
great difficulty and precarious exactitude under ordinary circum- 
stances. Ch. von Hauer’s apparatus (made by M.S. Markus), called 
by him “‘thermo-lysimétre,”’ consists essentially of a strong vertical 
cylinder of copper, with a solid bottom, and a cover to be screwed 
on to the cylinder. In the side of the cylinder is an aperture closed 
by a cylindrical piece of metal, so that this may be turned without 
admitting the passage of air. This piece of metal supports in the 
interior of the cylinder a ring, into which may be inserted a small 
vessel of determined capacity, the opening of which is turned towards 
the bottom of the cylinder. A sufficient quantity of the salt, of 
which the solubility is to be found, is placed on the bottom; the 
cylinder is then filled with the dissolving liquid, screwed up so as to 
exclude the air, and heated to the required temperature. By turning 
the external cylindrical piece of metal, the ring and the small vessel 
supported by it are brought upwards, and by a special piece of 
mechanism the vessel is at the same time shut. When the whole is 
sufficiently refrigerated, the small vessel is taken out of the cylinder, 
and as its capacity is known, the proportion of salt dissolved by the . 
liquid contained in it may be easily determined. This apparatus 
may be used with security even for temperatures far above 100° 
Centigrade.—Proc. Imp. Geol. Instit. Vienna, Feb. 19, 1856. 


* Favoured by Count Marschall. 
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XLIV. On Equally Attracting Bodies. By Dr. T. A. Hirsr*. 
[With a Plate.] 
Oe great the practical difficulties may be which 


have to be overcome in order to calculate the attraction 

of a given body upon a given material point according to New- 
ton’s law of the inverse square of the distance, nothing is more 
evident than that innumerable other bodies exist, differing from 
each other in shape as well as situation in space, each of which 
would attract the given point in precisely the same manner as 
the given body. ‘Taken in its widest sense, the problem to find 
all such equally attracting bodies is clearly indeterminate ; by 
introducing certain restrictions, however, this problem, by be- 
coming capable of solution, will lead us to the detection of cer- 
tain groups of bodies possessing the property in question. The 
possible advantages arising from a determination, in an indepen- 
dent manner, of such groups of bodies will at once suggest them- 
selves ; at any rate they need not be cited in justification of any 
attempt to solve a problem which has undoubtedly sufficient in- 
herent interest. 

In confining ourselves for the present to one of the above 
groups of equally attracting bodies, we propose to examine— 

I. Equally attracting curves, i. e. bars or wires of infinitesimal 
thickness ; 

II. Equally attracting surfaces; and 

III. Equally attracting solids ; 
to the first of which the present communication will be restricted. 


* Communicated by the Author. 
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I. On equally attracting Curves. 


To determine any point in space, we shall employ polar coor- 
dinates, the attracted point being always considered as the pole ; 
and when a system of curves are referred to this point as pole, 
we shall, for the sake of brevity, call all points of such curves 
situated upon the same radius vector corresponding points ; the 
ares of these curves intercepted between the same two vectors we 
shall term corresponding arcs or elements, according as the same 
are of finite or infinitesimal length ; and corresponding elements 
produced indefinitely, corresponding tangents. This being un- 
derstood, the problem with which alone we shall at present 
occupy ourselves may be thus enunciated :‘ To find all the curves 
whose elements attract the pole in the same manner as the corre- 
sponding elements of a given curve. 

At first let the given attracting curve be in the plane of the 
attracted point, so that the equation of the former may be 


: raf); 
then, assuming the density of the attracting matter to be every- 


where the same, the attraction of an element of the given curve 
upon a point situated at the pole will be proportional to 


ds_ d0 dr? ae a, 
252 2+ = dO Vu? +ul2, 


1 ,_ du 1 ad ‘ 
where u= = and u! = = de If p be the variable per- 
pendicular from the pole upon the tangent, it is well known that 
p:r=rd0; ds, 

so that each of the above three expressions is equivalent to 

de 

= 
The attraction of the corresponding element of any other curve 

r=f,() 

dé 

Py 
we easily conclude that the corresponding elements of two or more 
curves, and hence the curves themselves, will attract the pole equally, 
provided their corresponding tangents are equidistant from the pole. 
The curves or their corresponding elemeuts may here, of course, 
attract the pole in the same direction or in opposite directions ; 


practically no difficulty will arise in distinguishing between the 
two cases; and if we allow the term ‘ equally attracting’ to em- 


being 
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brace both, we may at once conclude from the above theorem 
that all right lines equidistant from the pole, together with the 
circle which they envelope, constitute a system of equally attract- 
’ ing curves. This conclusion is merely a more general expression 
of a theorem long known, and communicated some years ago to 
the Cambridge and Dublin Mathematical Journal by Professor 
Joachimsthal. 

The condition that the corresponding elements of the two 


oe r=f(%), =A) 
may attract the pole equally, is also expressed by the differential 
equation 

a eer ah te tes ss AL) 
which must be fulfilled for all values of @ under consideration. 
This equation may be written thus, 


si es ‘la os Wa RRA 


or, if we make 


20, =Uu— Wy 
thus 
vo oye 
the last of which equations will be fulfilled when 
U 
~ =F), 
Bop te 
Oye ee) 


where F(6) is an arbitrary function of @. Integrating these 
equations, and introducing two arbitrary constants c and ¢,, we 


find 
paced” 
Pi RACY ST Ree ag (5) 


: v,=ce IFO 
By addition and subtraction in accordance with equations (3), 
we thus deduce the following general equations of a pair of 


curves whose corresponding elements attract the pole equally : 
1 ie 
“= — = col" 4 6.6 SFO 


; i ee 
u,= — =ce O® _ ce SFO) 
") 
Before considering a few special cases of this general formula, 
Y2 
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it will be well to examine more minutely its geometrical signafi- 
cation. Let p and p, be the variable radii vectores whose reci- 
procals are v and », respectively; then ¢ and c, being variable 
parameters, the equations (5) represent two systems of ortho- 
gonal curves. For if tr and 7, be the angles through which a 
radius vector must be turned, in a positive direction, in order to 
become parallel to the corresponding tangents of a pair of curves 
from the systems (5), then 
! 
cobrT= a . cs Nd 
p dé v 
esa he, 
cotT, = >, FO) 
These expressions, being each independent of the variable para- 
meters c and c,, show that the corresponding tangents of all 
curves belonging to the same system are parallel to each other. 
But according to (4), 
cot r cot r,=—1, 


=—F(), 


hence 


that is, the corresponding tangents of any two curves belonging 
to different systems are perpendicular to each other, consequently 
each curve of the one system cuts every curve of the other 
orthogonally. 

Again, by equation (3) we have, for the same values of 0, 


> a Is aha | 
Pay. hi 
so that p is the harmonic mean between 7 and 7,; in other 
words, every line through the pole is divided harmonically by 
the prime radius and the three curves, whose variable radii vec- 
tores we have represented by 7, 7, and p. On this account we 
may refer to the last curve as the intermediate curve with respect 
to the two equally attracting ones. 
The equation of the tangent to the curve 7, at the point 7, 0, 
may be thus written : 


U—u cos (@—¢) +a’ sin (@—g)=0, . . . (7) 
where ¢ and U (the reciprocal of the radius vector) are the vari- 
ables. For when d=, we have evidently 

Tag a 

Te eae au 
so that the right line represented by (7), inasmuch as it not only 
passes through the point 7, 0, but also cuts the radius vector to 
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that point at the same angle as the latter is cut by the curve, 
must necessarily coincide with the tangent. Similarly, the equa- 
tions of the corresponding tangents to the curves 7, and p are 


U—uz, cos(9—¢) +u', sin (@—d)=0, . . . (8) 
U—v cos (@—¢) + v', sin (@—¢) =0, 
the latter of which may, by (8), be written thus: 


[U—u cos (@—¢) + u' sin (@—¢)] 
+ [U—u, cos (@—¢) +u'; sin tami yf - (9) 


and as the same values of U and ¢ which simultaneously satisfy 
the equations (7) and (8) also satisfy (9), it is evident that every 
three corresponding tangents of the curves 7, 7,, and p meet in 
a point. 

It will be at once perceived that the foregoing relation between 
every three corresponding tangents is true for any two curves 
and their intermediate curve; by introducing the condition (1) 
or (2), however, it may easily be proved that the tangent of the 
intermediate curve not only passes through the intersection point 
of the corresponding tangents of two equally attracting curves, 
but also bisects the angle made by the latter. For if ¢, $1, o 
be the respective angles between the prime radius and the per- 
pendiculars let fall from the pole upon any three corresponding 
tangents of the equally attracting curves and their intermediate 
curve, then 


u! uy! v! 
tan(0—$)=——, tan (0-4) =— “4, tan (0—$)=— 5, 
and 
ong’: wu 
v utu 
tan2(0—¢.) = re, = CAL 
v (u+u,)? 


By means of equations (1) and (2) this expression is susceptible 
of the following successive transformations :— 


Iya! 
U—Uy, u+uy, 


u—u, utu 
tan 2(0— do) => a ee Sor 


utu, w—u 
(u2=—u2,) — (w’?—w!?,) 


2(uu! —u,u',) 


= i 
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(u2—u,2)ulu!, + (2 —u!2, un, 


tO 0) = Gad el (ET ey) 
ul ul 
ww tuw ay 
il ae 
ui Uy 


__tan (04) + ton (0—4,) 
~ 1—tan (@—¢). tan (0—¢,) 


= tan[20—(¢+ ¢,)]. 
This equation is evidently fulfilled when 
2(8—gy) =20— (f+ 4) +h, 


where & is any positive or negative whole number, or zero. Hence 
7 
2(¢+%2) =$+ 413 


from which we conclude that the one perpendicular, produced if 
necessary, either bisects the angle made by the other two, or the 
supplement of that angle; and the same conclusion applies of 
course to the tangents to which these lines are perpendicular. 

Since the three tangents and the line joining their common 
intersection with the pole constitute a harmonic pencil, one line 
of which bisects the angle made by two others, the fourth, which 
is the conjugate of the first, must also be perpendicular to the 
same; in other words, the locus of the intersection of a pair of 
corresponding tangents of two curves whose corresponding elements 
attract the pole equally, ts also the locus of the foot of the perpen- 
dicular from the pole upon the tangent of the intermediate curve. 

Any number of pairs of equally attracting curves may be now 
determined. For having assumed any curve p as intermediate 
curve, the system of curves which cut the same orthogonally may 
be found by a simple quadrature. Ifany individual of this system 
be selected as the curve p,, then the corresponding elements of 
the two curves whose equations are 


YL pad 
ee 
Pe, 
pth tec 
Tr Pp Py 


will attract the pole equally. 
Amongst the numerous examples which might be cited, the 
following are not without interest, Let the arbitrary interme- 
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diate curve be a logarithmic spiral having the equation 
1 1 


—=y= — 

p 2a 
One of the system of curves cutting this orthogonally will be 
found, by integrating the equation 


! 
Wy) onf8. | AOL 
v; v! m’ 
to be 
£ | bee 
—[ =),=—e m 
1 > 
Pi 2a, 


where a, is any particular value whatever of the arbitrary con- 
stant of integration. 

The pair of equally attracting curves will consequently be 
represented by the equations 


] 1 Badsip 

— = — en 4 ___ em 
poe -- A 5 

i eee: are 

SS | 

r Qa° Qa," 


In the particular case of a=a, and m=1, the above reduce them- 
selves respectively to 


pi =2ae-", 

p;=2ae’, 
icieeG 

c a =r (0$ 0=a, 
Sara 

ri 5 =r, (in d=a. 


These curves, for positive values of only, are represented in 
Plate II. fig. 1 by Oma, Oam,, AMO, and A,M,O respectively. 
Of the two equally attracting curves AMO and A, M, O, the 
latter has an asymptote A, B parallel to the prime radius O X, and 
at the distance AB=OA=Aa=q; and the former cuts the prime 
radius perpendicularly in A, A B and A,B being corresponding 
tangents. As is easily seen, both these curves, together with 
their intermediate curve O ma, approach each other and the pole 
very rapidly. The logarithmic spiral O Q B, whose equation is 


r=a v 9g et af 
is the locus of the foot of the perpendicular O Q from the pole 
upon the tangent Qm of the intermediate curve Oma, and 


therefore also the locus of the intersection of the corresponding 
tangents Q M and QM, of the equally attracting curves A MO 
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and A, M,0O. Every line O m, through the pole is divided har- 
monically in the points O, M, m, M,, and 


es — ir = e 
OM” Om ° Om,’ 
1 il il 


OM, Om Om, 

It is scarcely necessary to allude to the analogy between the 
equations of these equally attracting curves, as expressed by 
means of the so-called hyperbolic sine and cosine, and those of 
their corresponding tangents AB and A,B,, whose corresponding 
elements are also equally attracting. 


In precisely the same manner, when the intermediate curve 
has the equation 


p= Ceosr, 
ae ee Nee ek!) 


me 4 
pi=C,sin"= 5 


and the equally attracting curves are 


She ee cae, apie ss 
” Cos" - C, sinn® 
Leas ed 1 (44) 
ro a 0 


Ccos"— C,sin”— 
n n 
where n may have any value whatever. By making 


Uae a 


4 cosa’ 1 ‘sina’ 


the above equations become, respectively, 


a —a 
pcos = ——,__ p, sin = ——— 
COS & sin a 


reos(0+ «)=a, 7,cos(0—a)=a, 


all of which are those of right lines. The first of these lines is 
perpendicular, and the second parallel to the prime radius; the 
third and fourth, whose corresponding elements attract the pole 
equally, are equidistant from the same, the angles they make 
with one another being bisected by the prime radius and the first 
or intermediate right line. 

If we make n= —2, C—C,=2a, C+C, = —2c, and assuming 
a>c, b?=a?—c?, the equations (10) and (11), after a few simple 
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transformations, become 


va 2(a—c) | 

yee stiri Sabb (42) 
hl a+ec) | 
Pi 1 — cos 8) 


b2 | 
piesa st 
a+ccos@ serge a8, OI 
B2 
"1 6+acosO 


each of which represents a conic section having a focus coinciding 
with the pole, and its principal axis with the prime radius. The 
curves (12) are parabole whose vertices A and B, fig. 2, are on 
opposite sides of the pole F, at the distances a—c and a+e re- 
spectively ; they cut each other perpendicularly in the points d 
ande. Of the two equally attracting curves (13), the first is an 
ellipse whose major and minor axes AB and DE are respectively 
equal to 2a and 20; the second is a hyperbola, its transverse 
axis AB, being equal to 2c, and its conjugate axis to 2b. In 
short, the relation between these two curves is such that, besides 
haying a focus F and vertex A in common, the principal axis, AB 
or AB,, of the one is equal to the focal distance, FF, or FF,, of 
the other. Inasmuch as r and 7, have like or unlike signs ac- 


cording as cos 6 6 _ = it is easily seen that the correspond- 


ing elements of the semi-ellipse DAE and semi-hyperbola 
D,AE,, having a common vertex A, attract the pole in the same 
direction, whereas those of the semi-curves D B E and D!, B, E',, 
which have no point in common, attract the pole equally, but in 
opposite directions. The equally attracting curves and their in- 
termediate curve the parabola dAe, have a common vertex A, 
and a common tangent HH, in the same, which latter being the 
locus of the foot of the perpendicular upon a tangent of the para- 
bola, is also the locus of the intersection point of a pair of cor- 
responding tangents of the ellipse and hyperbola. We may con- 
ceive the ellipse to be turned 180° first around the prime radius 
as an axis, and afterwards around the line through the pole per- 
pendicular to the prime radius; by so doing—which is equiva- 
lent to changing r into —r in (13)—the vertices B and B, will 
be made to coincide, as shown by the dotted ellipse A! D! B EF! in 
the figure, and we shall again have a pair of equally attracting 
curves. The corresponding elements of the semi-curves D! B, E! 
and D’, B, HE’, will now attract F in the same direction, and those 
of the semi-curves D! A’ EB! and D, AE, in opposite directions. 
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Hence we may conclude generally, 7 an ellipse and hyperbola 
have a focus and vertex in common, and if the principal axis of the 
one be equal to the focal distance of the other, then the common 
focus will be attracted equally and in the same direction by all cor- 
responding arcs of the semi-curves which have a common vertex, 
and equally, but in opposite directions, by all corresponding arcs of 
the remaining semt-curves. 

The axis-major of the ellipse remaining the same, if we allow 
its foci to approach one another the curve will of course approxi- 
mate more and more to a circle as its limit; at the same time 
the distance between the foci of the hyperbola will remain con- 
stant whilst its transverse axis will diminish indefinitely ; in 
other words, both its branches, one of which always touches the 
ellipse, will ultimately coincide with each other and with the tan- 
gent of the circle. As a particular case of the present theorem, 
therefore, we are conducted again to the well-known one before 
alluded to as due to Joachimsthal. On the other hand, by allow- 
ing the axis-major as well as the focal distance of the ellipse to 
increase indefinitely, those of the hyperbola will do the same, and 
both curves will ultimately coincide with one another and their 
intermediate curve, the parabola. 

We must rest satisfied with a mere indication of one or two 
other particular cases of the equations (10) and (11). When 

2a 7 2a 


a2=1,C= ——,C,= , we have 
COS a sim @ 
cos 8 sin 0 
p nee 
asin 20 asin 20 


ero te 9 Us i ng eo ce | 
sin (8 + a) sin (@— a) 
The two first are circles passing through the pole whose radii 


; a a ‘ 
are respectively ae and sey and whose centres are in the 
4 a 


prime radius, and in the perpendicular to the same through the 
pole; they have, moreover, a common chord, whose length is 
2a, inclined to the prime radius at the anglea. The equally 
attracting curves in this case are of the third degree, and differ 
from each other only in being differently, although symmetri- 
eally, situated with respect to the prime radius. This curve of 
the third degree has a double point at the pole, and an asym- 
ptote inclined to the prime radius at the anglez, When n=2, 
the orthogonal auxiliary curves are both cardioides ; when n=}, 
lemniscata; when n=—, equilateral hyperbole; and so on. 
The pairs of equally attracting curves in each case, though easily 
traced, do not promise sufficient interest to warrant our entering 
here into a closer examination of their properties. 
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To find any number of pairs of curves whose corresponding 
ares attract the pole equally is, therefore, a problem whose solu- 
tion may be considered complete; but the one originally pro- 
posed—to find all the curves whose elements attract the pole in 
the same manner as the elements corresponding to them of a 
given curve—is not only more general, but its complete solution 
involves far greater difficulties. At present we must content 
ourselves with glancing at a few of the more salient properties, 
and at a few particular cases of such curves, each of which fulfils 
the differential equation 


1 
v2 +yl2— — 2 


ster iaktos > oe Seong eRe ie 
where represents a given function of 6. 

Let M, M, (fig. 3) be a portion of the given attracting curve 
intercepted by the limes OM,, OM, through the pole O; and for 
the sake of a distinct conception, let us suppose that within the 
limits under consideration the given curve is everywhere conti- 
nuous, concave towards the pole, and free from all singular 
points, such as cusps, apses, multiple points, &c.; or still more 
definitely, let us suppose that, with respect to the given curve, 


r and — are continuous positive functions of 0, and that 7 and p 


dé 
increase simultaneously with 6, so that the perpendicular OP 
upon the tangent to M will always fall on the same side of 
(below) the radius vector. Around O as a centre, and with the 
radius OP, describe a circle cutting the radius vector OM in the 
point ~. Any point m beyond yu being taken in this radius vec- 
tor, let the two tangents mp and mp, to the circle Pu be drawn, 
cutting the immediately following radius vector OM! in the 
points m!' and m! ; then mm’ and mm! will clearly be the ele- 
ments corresponding to MM! of the two equally attracting curves 
passing through m. Similarly, if P’u’! be the circle around O 
touching the tangent at M’, and through the points m'', m! two 
tangents to the same be drawn,—the former below, the latter 
above the radius vector,—the elements adjacent to mm! and mm! 
on the respective curves may be found; and by proceeding in 
this manner we may easily conceive the equally attracting curves 
mmm, and m, i m', passing through m completely constructed. 
If 7, and 7, be the variable radii vectores of these two curves, it is 
easily seen that the one increases whilst the other diminishes 
Hs and os and hence also w', and 
u', have always opposite signs for the same value of 6. Further, 
the perpendiculars on the corresponding tangents of both curves 
being equal, if p and r, increase or decrease simultancously, then 


with the increase of 0, so that 
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.of p and r, the one will increase whilst the other decreases, and 
vice versd ; so that whilst the one curve through m, like the given 
curve, is concave towards the pole, the other will be convex. As 
the point m recedes to a greater distance, the curves passing 
through the same cut the radius vector more and more acutely, 
until ultimately they both coincide with it in direction. The 
asymptotes of the two curves passing through the infinitely di- 
stant point of the line OM are of course the two tangents of the 
circle Pu which are parallel to OM. Had the point m been 
situated between pw and the pole, then as it would have been im- 
possible to draw tangents from it to the circle Py, the curves 
could not have been constructed. In fact the equation (14) 
necessitates the inequality u<worr>p. Had m coincided 
with the point yu, the two curves could only have been constructed 
on one side of the radius vector, to which they would have been 
perpendicular. In short, generally, two equally attracting curves 
terminate abruptly in every such point yw, and are there at right 
angles to the radius vector. The locus of the point ~, which we 
shall call the imiting curve, is represented by the equation 

aarp ans 253) 


r—p=—- 
In general, therefore, we may conclude that through every point 
m of the angular space M, O M,, except those within the space 
bounded by the limiting curve (15), pass two, and only two, curves 
whose elements attract the pole in the same manner as the cor- 
responding elements of the given curve. Every two such curves 
are equally inclined to their common radius vector; and as far as 
convexity or concavity towards the pole is concerned, the curva- 
ture of the one is similar, of the other dissimilar, to that at corre- 
sponding points of the given curve. Thus the whole series of 
curves which fill the angular space M, O M,, with the exception 
of that portion of it bounded by the limiting curve into which 
none of them enter, may be considered as composed of two 
groups, the individuals of which are distinguished from each 
other by the nature of their curvature towards the pole, and are 
represented by the particular integrals of the equations 


w= — He te 
vW=+ Vor—uJ © 

Besides the curves contained in these two groups, there are 
innumerable others, both continuous and discontinuous, whose 
elements attract the pole in the required manner. All such, 
however, are necessarily mere combinations of different portions 


of the curves of the two groups already described. We ma 
remark, lastly, that if the given curve has a point of inflection, 


. (16) 
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the corresponding points of all the equally attracting curves of 
both groups will also be points of inflection. If the given curve 
has an apse, it will be touched in that point by its limiting curve, 
which will itself have an apse. The corresponding points of the 
equally attracting curves will in general be cusps, which will 
become more and more acute as they recede from the pole. In 
general, too, the curves of the same group never intersect one 
another; were they in any exceptional case to do so, then the 
curve enveloped by them would also be one of the series of 
equally attracting curves, and would correspond to a singular 
solution of (14). As an example of this, we have the well-known 
case when p=a. The general integral of (14) is then the equa- 
tion of a right line 
r cos (2+) =a, 
where « is an arbitrary constant. The equation of the circle 
around the pole with radius a, or 
r=a, 
is a singular solution. 
As u is necessarily less than w, we may put 


Lema | roguicce ee ees CLT) 


where a is evidently the variable acute angle between the radius 
vector and the perpendicular on the tangent. Differentiating 
(17) according to @, we find 


! 


u U 


=o! cosa—oo! sina; 
so that by substitution the equations (16) of the two groups of 
equally attracting curves correspond respectively to the upper 
and lower signs in 
o! cosa—oo'sinat+osna=0. . . . (18) 
One case of some interest, where the variables in this equation 


are easily separated, is when the given curve is a portion of a 
logarithmic spiral whose equation is 


poe : ae (19) 
From this we easily deduce 
1 m mm 
poem, a= Siem. . (20) 
where for brevity we have made 
m,= V1+m- 


Substituting the values (20) in the equation (18), and dividing 


the latter by — “1 e~™®, it becomes 


mcos @+ eo! sina + sina=0, 


818 Dr. Hirst on Equally Attracting Bodies. 
the general integral of which is easily found to be 


m0= 5 log [e(mcos@F sinew)]?+a; . (21) 


or, since 


ee aie wi’, sean, Seine LL 
sino=A/ 1 if; f 
0= Plog | c (mé +A/ 1-2) + cos“, (22) 


In this equation, which represents the one or the other group 
of equally attracting curves, according as the upper or lower signs 
are taken, ¢ is an arbitrary constant, p is retained as an abbre- 
viation for the function of @ given m (20), and represents of 
course the variable perpendicular from the pole upon the tangent, 
which is the same for all curves, and 


| Ones cos Ey 
By writing the differential equations fulfilled by all the curves 


(22) in the forms 


where the upper and lower signs correspond throughout, we 
easily recognize that the curves which constitute the group to 
which the upper signs in (22) belong are, like the given spiral, 
always concave towards the pole, whilst those of the group cor- 
responding to the lower signs are, on the contrary, always convex. 

In order to arrive at a clearer conception of the nature of these 
curves, however, we may remark generally that the equation 


(17), on 
EM x Re Sc 


~ Cos a’ 


when @ is constant, is that of a curve of the same nature as the 
limiting curve (15). Hence, considering @ as a eed ate para- 


meter which may assume all values between 0 and = 3 (17) repre- 


sents a system of curves of which the limiting curve and that at 
infinity are the initial and final individuals, corresponding re- 
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_Spectively to a=0 and o= 7 In fact, the substitution we 


made in (16) is equivalent to determining any point in the plane 
by means of the angle and the parameter a of the curve (17), 
which passes through the same. Further, this parameter being 
‘constant for all points of such a curve, we easily conclude that 
all the equally attracting curves; when crossing the same, are 
inclined to the radii vectores at a constant angle x —o. 

In the particular case under consideration, the auxiliary curves 
(17) are logarithmic spirals, 

a 


se AE ae See SELL EY. (93) 


~ mM, COs & 
each of which cuts every radius vector at a constant angle 
57 where cos a= - This system of curves (23) com- 
prises not only the limiting eurve a=0, but also the given spiral 
(19), which corresponds to the value a=o@,. Further, each 
spiral (23) is crossed by all the equally attracting concave and 
convex curves at constant angles, equal respectively to 
TB, T—(T+a); 

where, for distinctness, the positive or negative inclination in 
question is estimated by the angle, less than two right angles, 
through which the tangent of the curve must be turned, in a 
positive or negative sense, around its point of contact, in order 
that it may coincide with the tangent of the spiral. 

It will be immediately seen that the concave curves cut all the 
spirals between the infinitely distant one and the given curve (19) 
in such a manner that their inclination to the same is always 
Td 
ie 
they cut all the spirals between (19) and the limiting curve, so 
as to make this inclination negative, and to increase negatively 
from 0 to @. In short, the concave curves as they approach the 
pole from an infinite distance cut the intervening auxiliary spi- 
rals ever more and more acutely, or rather they coincide with the 
latter more and more in direction, and only reach the given spiral 
(19) when it reaches the pole, after encircling the same an infi- 
nite number of times. Subsequently these concave curves 
reappear on the inner side of the given spiral, and continually 
recede from the latter so as to cut the auxiliary spirals more and 
more obtusely, until finally they terminate abruptly in the limit- 
ing spiral in such a manner as to be perpendicular to the radii 
vectores. 


positive, and diminishes continuously from @, to 0, whereas 
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With respect to the group of convex curves, they intersect all 
the spirals between infinity and the limiting curve at positive 
angles of inclination, which increase continuously from as Bo 
to 7—@,. They all cross the given spiral (19) at the angle 
™— 2a, and terminate in the limiting spiral in the same man- 
ner as the concave curves. 

These properties, as well as some others, are easily deduced 
from the equations (22). If in the latter we put r=p, we find 
that the concave and convex curves, corresponding to the same 
value of c, terminate at the same point of the limiting curve, viz. 
that for which 


o—0,—= wa, 0B (me). 


To find the intersection points with the given spiral (19), we 
have merely to make r=m, p, when (22) becomes 


1 
2 0 — 9m] [-(2 +2) ae 
MB {Fg FUME | se m, + my + cos im,’ 
so that for all concave curves, 
A= —H; 
and for any convex curve, 
m*,8,=mlog (mc) —mlog 1 _ eos— ai : 
2 Mm, 
that is, 
1 ( m, i 
A ats 6 mlog > + cos m, . 
The quantity in parenthesis is easily seen to be always positive 
for positive and real values of m, hence 6, <0); and as the dif- 
ference between these angles is independent of the arbitrary con- 
stant, we conclude that the given spiral (19) and its limiting 
curve intercept, upon all the equally attracting convex curves, 
arcs which subtend equal angles at the pole. Whenr=o, 
equation (22) gives 
m?,@_, =m log (me) —mlog m+ 33 
hence 


1 9T 
6,—0.= 52, (mlosm > ). 


The least possible value of mlogm, m being always positive, is 
1 


* Jog s=7 s consequently for all convex curves 


e 
0,>06.; 
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and every such complete curve subtends a constant angle at the 
pole. With respect to any concave curve, its initial radius vector 
corresponding to @,, meets the curve again or not, according as 


m™ Se ; when m™ =e (or m=2°1073 nearly). This radius 
vector is parallel to the asymptote. The asymptotes of any two 


concave and convex curves which meet in the same point of the 
limiting curve are at the distances 


m my 
respectively, fom the pole, but on opposite sides of the same with 
respect to the radii vectores parallel to these asymptotes. The 
inclination of the latter towards each other is the same for all 
pairs of such curves, and equal to 

7 

m?," 

In fig. 4, which corresponds to the particular case of m=1, 
m?,=2, O MM, is the given spiral, cutting all its radii vectores 
at an angle equal to 3 3; Opp, is its limiting curve, which, as 
we know, is a spiral of the same kind. Any point yw on this 
limiting curve being taken, for which wOX=8,, the two curves 
which meet in the same are easily traced by means of the equa- 
tions (21) and (21a). Of these the concave curve consists of two 
branches, mymm,O and pm'',O, which meet each other and the 
given spiral only in the pole. The convex curve w Nm’, crosses 
the given spiral perpendicularly in N ; the asymptotes m,P, and 
m',P, of these curves are at right angles to another, in accord- 


ance with the general formula = for their inclination. We may 
1 
notice, lastly, that when m is allowed to diminish indefinitely, 


the given spiral (19) coincides ultimately with its limiting curve 
and the circle whose centre is the pole and radius a. At the 
same time m, approaches unity as its limit, and the equations 
(22) of the two groups of equally attracting curves reduce them- 
selves to 


a 
6—a= + cos“! 


where « is the arbitrary constant. As these equations repre- 
sent right lines touching the above circle, we are led once more 
to the case already frequently mentioned. 

When the given attracting eurve is one of double curvature, 
we may conceive it to be described upon the surface of a cone 
whose vertex is the pole, and whose direction is the curve itself. 


Phil. Mag. 8, 4. Vol. 13, No. 87. May 1857. Z 
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It is at once evident that all curves whose elements attract the 
pole in the same manner as the corresponding elements of the 
given curve must necessarily be situated upon the surface of this 
cone; and further, that if the latter, upon whose surface all the 
equally attracting curves are supposed to be described, be un- 
folded into a plane, a system of equally attracting plane curves 
will result. On the other hand, too, it is just as evident that if 
a plane containing any system of equally attracting curves be 
folded in any manner intoa cone, so that the pole may be the 
vertex, a system of equally attracting curves, in general of double 
curvature, will be obtained. 

For example, let the given attracting curve be a circle with 
radius a, and let the attracted point be in the line through its 
centre perpendicular to its plane. The equally attracting curves 
will here be situated upon the surface of the right cone whose 
vertex is the given point, and directrix the given circle; let its 
semi-vertical angle bee. If this cone be unfolded into a plane, 
the circle with radius a will become an are of a circle whose 


The 


a 

angle subtended at the pole by this are will be 27sma. The - 
plane curves whose elements attract the pole in the same manner 
as the corresponding ones of this circular are consist, as we know, 
of the right lines which touch the circle to which it belongs. If 
we conceive all these right lines drawn, and the plane sector con- 
taining them refolded imto the same right cone, they will all 
become curves of double curvature, and will constitute the only 
system of such curves whose elements attract the pole in the 
required manner. 

Instead of examining more closely the general properties of 
these curves, we will restrict ourselves to a still more particular 
case. We will suppose the attracted point to be at the distance 


centre is the pole, the former vertex, and radius 


a 4/3 from the plane of the attracting circle. Then as a= y 


sin a=4, the plane circular are becomes a semicircle; and the 
only line which attracts the centre in the same manner as the 
whole semicircle is the tangent which is parallel to its diameter. 
The centre being the pole, and the radius to the point of contact 


our prime radius, the equation of this tangent line is evidently 
. rcosOrsBay yeinsicys of) of ws gale 


Let the semicircle be now refolded into its cone, and let us seek 
the projection of the curve, into which our right line has been 
thus transformed, upon the plane through the cone’s axis and 
the generating line which was formerly the prime radius. Re- 
taining the same point and line as pole and prime radius, we 
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easily find the following relations between the new coordinates 
7, 9, of the projection, and the former ones r and 0 :— 


cos 20. tan =tan(7 — 6,), 


7 T 
7 co8 & =", cos( & —6,). 
By eliminating r and @ from these and the equation (24), we 
obtain, after a few simplifications, the following as result :— 


Brora, Vo ee 
"1 T 42008 20," 

This is easily recognized to be the equation of a hyperbola, whose 
transverse and conjugate semiaxes are respectively 2a and 2a /3; 
the former of these axes coincides with the prime radius, and the 
generating line of the cone diametrically opposed to the prime 
radius is the asymptote of the hyperbola. Thus the curve of 
double curvature into which the right line has been transformed 
may be regarded as the intersection of the cone and a hyperbolic 
cylinder, whose diametral and asymptotic planes touch the cone 
along two of its generating lines diametrically opposite each 
other. The plane of the equally attracting circular section of 
the cone cuts the hyperbolic cylinder along the line which forms 
its vertex. 

We will briefly indicate the general solution of the present 


problem. Let 
Aca ha eee 
Ale, g; y)=0 


be the polar equations of the given curve of double curvature 
which attracts the pole——g¢ being the angle between the prime 
radius and the projection of p on the polar plane, and the 
inclination of p to that plane. Then d6 being the infinitesimal 
angle between two radii vectores to the curve (25), and ds the 
element of its arc, we have on the one hand 

ds* = p*dé? + dp?, 
whilst on the other 

ds* = dp? + p2dyp* + prd¢? cos? yp ; 


dO? = drp* + dg? cos? pr. 


If we now agree that @ shall vanish when p=pp, then by inte- 


gration 
0 Wil dget oe 
0=(" doa / e+ cost oy rita 0828) 
© Po 


Theoretically, at least, the expression under the radical sign can * 
Z2 


hence 
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be transformed into a function of p by means of the equations 
(25): this done, and the integration effected, (26) is evidently 
the equation of the curve (25), when the cone upon which it is 
conceived to be described is unfolded into a plane. Again, if by 
means of (26) we eliminate p from the equation 


Le a Saee 
u? + ul ott ot a 


the latter will become the differential equation of the plane 
curves whose elements attract the pole in the same manner as 
the corresponding elements of (26),—z being the reciprocal of 
the radius vector 7. If we suppose 

BOs 0) Oi gh obit eee 
to be the general integral of this equation, where ¢ is the arbi- 
trary constant, then the equations of the system of curves of 
double curvature, whose elements attract the pole in the same 
manner as the corresponding elements of the given curve (25), 
will evidently be the result of the elimination of p and @ from 
the four equations (25), (26) and (27). 

Pau, March 1857. 


XLV. On a new Instrument for Registering a rapid succession of 
Electrical Discharges, and a comparison of the Effects of the 
Induction Coil with those of Frictional and Hydro-electric 
Machines. By JonatHan N. Hearper, Mechanician, Ply- 
mouth*, 


apse induction coil appears to be an instrument so susceptible 

of extension of power, modification to suit requirements, 
and practical application to the most important purposes, that 
experiments calculated to throw light upon its action or develope 
its capabilities are invested with more than ordinary interest. 
Without in the slightest degree wishing to detract from the 
merit so justly due to M. Ruhmkorff, for having first elicited 
the latent powers of this instrument and exhibited its capabilities 
by an extension of principles already known and practised, I may 
venture to express a little surprise that the ingenuity which con- 
trived the instrument did not still further display itself m its 
subsequent improvement. If, as was stated, however, by Mr. 
Gassiot on the occasion of a lecture which I had lately the honour 
of delivering before the Society of Arts, M. Ruhmkorff was actuated 
more by a desire to make a cheap than a perfect machine, the 
fact is easily accounted for. The mode of insulation which he 
has adopted, viz. that of covering the wire with cotton and sepa- 


* Communicated by the Author. 
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rating the layers with paper, is so defective that it would preclude 
the possibility of any great increase of power by extension of size. 
It is a source of no small satisfaction to me, that I was unable to 
get any definite information of the construction of Ruhmkorff’s 
coil when I sought it in 1855, since, had I obtained it, it might 
have prevented me from acting upon my own experience, and 
adopting a mode of construction which turns out to be totally 
different from that of M. Ruhmkorff, and which has been attended 
with such unprecedented results. As I feel that there is some 
amount of honour connected with the origination of this new 
form of the coil in England, I may be pardoned for asserting my 
priority in this matter. I should not have been induced to do 
so, but from the fact that the mode in which my name has been 
coupled with that of a gentlemen who has recently constructed 
an instrument precisely upon the same principle as my own, 
has produced an impression that we had both constructed our 
instruments about the same time, which isnot the case. My first 
instrument was made about the middle of the year 1855, and in 
November of that year I communicated the minute details of 
the construction of one or two of my instruments to Mr. Grove, 
describing the use which I had made of gutta-percha and oiled 
silk as a medium of insulation. The results which I had ob- 
tained with these instruments, particularly with one of them, 
were of a very exalted character, although an insignificant bat- 
tery was employed. I am quite sure that the contents of that 
letter had escaped Mr. Grove’s recollection during his very gra- 
tifying remarks on my lecture at the Society of Arts, since the 
general impression produced by an observation which accidentally 
feil from him was, that my labours had been coincident with those 
of Mr. Bentley, the gentleman to whom I have alluded. As early 
as December 1855, I had worked out the major part of the results 
which I have lately had the honour of detailing to the London 
Institution and Society of Arts, and in March 1856, gave a 
lecture on the subject before the members of the Plymouth In- 
stitution, an account of which appeared in the Journal of the 
Society of Arts, May 16, 1856, p. 444. 

In my first paper in the Philosophical Magazine, November 
1856, I had occasion to animadvert on the conduct of Dr. Noad, 
for having anticipated me by introducing at a public lecture, in 
October last, a machine almost identical with my own, constructed 
but a few weeks before by his friend Mr. Bentley, whilst at the 
same time he refused to allude to the previous existence of mine, 
the particulars of which he had obtained from me for publication 
in his new work nearly nine months before, and had bound me 
in the meantime not to publish myself, but which information, 
although actually printed, had been kept from the scientific world. 
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by the delay in the publication of his work. Dr. Noad having 
considered these remarks to imply an accusation of plagiarism, 
I take this opportunity of stating that I did not intend them to 
convey anysuch imputation, and that I only wished to complain 
that Dr. Noad had done me an injustice and a serious commer- 
cial injury by suppressing my invention, and giving publicity 
and precedence to another production of more recent date, and 
almost identical with my own. 

During the past nine months I have had opportunities of still 
further extending the principle upon which my machine is con- 
structed, and with a corresponding increase of power; since I 
have occasionally, from a single machine, produced sparks 
4 inches in length in free air, and I have very little doubt that 
I could construct machines to give sparks of 12 inches or more. 

The results obtained by this increase of power are very striking, 
and phenomena previously unknown are continually developing 
themselves. I have before alluded to two different classes of 
thermal effects obtained: first, from the simple spark between 
the terminals; and secondly, from the spark produced through 
the intervention of the Leyden jar. The simple spark passing 
between the terminals is comparatively soft and attenuated, 
though when of considerable length it is accompanied by a 
tolerably sharp snap. Sparks of 2 to 3 inches in length are 
extremely crooked, the deflections sometimes increasing the 
length of the spark to nearly one-half more than the distance 
between the terminals. Imperfect conductors, such as paper or 
wood, assist the spark in overleaping the interval; for if the 
points be placed beyond the striking distance, and a sheet of 
paper be held parallel to them and nearly an inch distant from 
each, sparks will frequently pass from one point to the paper 
and across its surface to the other poimt. In this way I have 
often obtained sparks nearly 6 inches in length. 

The chief characteristic of this spark is its power of igniting 
or burning substances which are either non-conductors or bad 
conductors ; and some of these effects are very remarkable. 

On one occasion, when experimenting with one of my large 
coils, two wires from the terminals were accidentally lying with 
their ends at a distance of several inches from each other upon 
the table. I happened to set the machine in action, and instantly 
the table burst into flame in the two spots on which the ends of 
the wires rested, and the combustion went on rapidly increasing 
until I stopped the machine. Noticing this, I took a piece of 
deal and slightly moistened its surface with nitric acid and placed 
it on the table of the universal discharger, with the points about 
4 inches apart. On connecting it with the machine, the com- 
bustion commenced at the points as before, and the flames ad-. 
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vanced along the surface of the wood towards each other, and in 
the course of a minute or two united near the middle, forming 
a long crooked line of fire between the points. This effect took 
place most rapidly when the points were placed on the longitu- 
dinal section of the wood of the same year’s growth ; for if placed 
indiscriminately on different portions of the wood, the sparks 
would advance from each point a certain distance, following the 
course of the grain, and then suddenly jump over into the next 
layer, and so on at irregular intervals until they both reached 
the same longitudinal layer, when they would rapidly advance 
towards each other, and the combustion would instantly imcrease 
throughout the whole of the crooked circuit thus produced. 

On connecting with the wires of the universal discharger the 
ends of a slip of deal about as thick as a goose-quill, and 5 or 6 
inches long, slightly moistened with nitric acid, it instantly takes 
fire at the points of contact, and the sparks pass along its surface, 
rapidly kindling it throughout its whole length, when it assumes 
the appearance of a bar of fire in vivid combustion and is speedily 
consumed. Sometimes the spark, instead of passing over its sur- 
face and kindling it, will rise from one portion and leap to the 
middle or some other spot, where it instantly burns through the 
wood and generally breaks it. 

This remarkable action is not confined to inflammable imper- 
fect conductors, and would appear to arise either from the heat 
elicited from the air in the passage of the spark, or from an im- 
mediate heating power of the spark itself; for even thin glass 
will fuse and become vividly ignited when sparks are made to 
pass over its surface. 

The interposition of the Leyden jar, as is well known, pro- 
duces a marked change in the character of the spark : it increases 
its volume, light and sound, but diminishes its length ; and the 
larger the jar or battery, the more is the length of the spark di- 
minished, the excitation of the coil being the same, The ther- 
mal effects also undergo a curious change, and the induced cur- 
rent appears to be endowed with a new character which it did 
not before possess, viz. that of heating an intermediate portion 
of the metallic cireuit when of small dimensions (Phil. Mag. 
vol. xii. p. 380. par. 7). Since I first noticed these results, I 
have repeated them with more powerful machines, and the fol- 
lowing experiment exhibits the effect in a striking manner. 

I connect with the terminals of the induetion coil, by means 
of two long and flexible conductors, a discharging electrometer, 
set so as to give sparks of 0°3 or 0°4 of an inch in length. In 
immediate connexion with the discharger, aud forming an inter- 
mediate portion of the circuit, I place a piece of fine platina wire 
about 4 or 5 inches in length. I then connect one of the con- 


328 Mr. J. N. Hearder on a new Instrument for Registering 


ducting wires in any portion of its length, between the terminal 
and the discharger, with the outside coating of a Leyden jar con- 
taining two or three square feet of surface, and by means of an 
imsulating handle, hold the wire proceeding from the other ter- 
minal by the middle, or any convenient part of its length, so as 
to be able to bring it in contact with the knob of the Leyden jar, 
and thereby make it a part of the arrangement, and charge it. 
If a current of sparks from the coil be made to pass through the 
fine platina wire whilst the inner coating of the jar is wncon- 
nected with the transmitting wire, no heating effect is produced, 
as may be observed by including the wire in the bulb of the 
thermo-electrometer ; but if, whilst the sparks are passing, the 
transmitting terminal wire be brought in contact with the knob 
of the jar, the loud discharges are produced, and the platina wire 
instantly becomes white-hot, elongates, and vibrates with great 
rapidity. If the wire be too short, or the charge of the jar too 
strong, it is melted; or if too long and the charge too weak, it 
merely becomes red-hot. This effect appears and disappears on 
alternately making and breaking connexion with the jar. 

Whilst the jar is disconnected, the sparks in the discharging 
interval instantly burn paper, wood, &c.; but when connected, 
the noisy sparks have scarcely any such power, though if the 
discharging interval be made much shorter, this effect is con- 
siderably increased. The coil which I have used for these and 
the subsequent experiments, contains rather less than four miles 
of fine wire, and the primary coil is usually excited with twelve 
nitric acid cells having plata plates immersed, 2 inches by 4, 
and used collaterally as a double set of six. The rationale of 
these changes 1s not very obvious, nor have I much desire to 
speculate upon the matter, as I hold the registration of facts 
under present circumstances to be of much greater importance. 
It has, however, suggested itself to my mind, that in each impul- 
sive wave of the induced current, a certain quantity of electricity, 
or rather amount of electrical force, is accumulated at the ter- 
minals, and the attraction resulting from their opposite electrical 
states causes them to induce upon each other, and determine the 
discharge through the interval between them. Now in every 
case of electrical discharge, its character and appearance will be 
materially influenced by the conditions of the conductors between 
which it passes, viz. their extent of surface considered as sepa- 
rate and independent conductors; and secondly, the extent of 
the respective areas approximated to, and mducing upon each 
other, and between which the discharge takes place. Every 
freely-insulated conductor undergoes induction from the influ- 
ence of surrounding bodies whenever an electrical charge is 
thrown upon it, and I know of no condition in which a body 
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can be so insulated as to be perfectly free from this influence ; 
indeed there can be very little doubt that the air itself induces 
upon electrified bodies, by assuming the condition of a polarized 
atmosphere about them. The quantity of electricity which a 
conductor is capable of taking up, depends upon the extent of 
its surface and its contiguity to surrounding bodies, these latter 
by their proximity causing the electricity of the electrified body 
to become, as it were, latent or disguised ; since if any electrified 
conductor, placed within a given distance of an uninsulated con- 
ductor, exhibit a certain amount of electrical tension, that tension 
is immediately increased, and its electricity rendered more free, 
by the removal of the vicinal conductor. 

The quantity of electricity capable of being retained upon the 
surfaces of the binding screws forming the terminals of the in- 
duced wire, must be exceedingly small compared with the quan- 
tity sent forward to them by each induced wave; and therefore 
if the wave occupy any amount of time, however small, certain 
portions of the effect transmitted to the terminals will pass for- 
ward, impelled by those from behind, and the discharge will be 
stream-like. This being the case, the electricity will pass with 
a less force through external circuits, uniting the terminals than 
through the induced wire itself, since these circuits have no 
magnetism inducing on them to give direction and force to the 
current, and simply therefore offer resistance which retards the 
current and diminishes its effect, as is strikingly evident when 
an external circuit of three or four miles is introduced. It can 
hardly be expected, then, that greater thermal effects will be pro- 
duced in the external circuit than in the induced wire itself. If 
the conducting surfaces of the terminals be increased, they assume 
the condition of insulated conductors, whose electrical tension or 
intensity will be gradually less than that of the simple terminal, 
in proportion as their surfaces increase and they are brought 
under the influence of external induction. This is evidenced by 
the greater brilliancy and increased noise of the spark, and by a 
gradual diminution in its length. If these conducting surfaces 
be so far increased as to be able to contain all the electricity sent 
forward to the terminals by each wave and discharge it at once, 
it is evident that a much greater effect would be produced on an 
external circuit, than by the slow, wire-drawn current from the 
small terminals alone. 

Since the increase of conducting surface and the approxima- 
tion of an uninsulated to an insulated conducting surface are one 
and the same thing, so far as electrical effects are concerned, the 
Leyden jar furnishes the extreme condition of which this arrange- 
ment is susceptible; and we here find all that might be expected 
from the sudden discharge of an accumulated quantity, moving 
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with an increased velocity due to the attraction of the inducing 
surfaces upon each other. 

In order to examime the pheenomena accompanying the gradual 
change in the electrical capacity of the terminals, I instituted the 
following experiment. . 

I coated with tinfoil two large flat dises of wood, each exposing 
an area on one side of about 5 square feet; one of these was in- 
sulated and placed upon the table with its coated side upwards ; 
the other was suspended from a frame by silk strings passing 
over pulleys and attached to a counterbalancing weight, and was 
placed 3 or 4 feet above the first one and with its coated side 
parallel to it. I next connected with the terminals of one of 
my large coils a thermo-electrometer and a discharging electro- 
meter, adjusted so as to cause a current of sparks of 0°8 of an 
inch in length to pass through the former, but no heating effect 
was produced. Without disturbing this arrangement, the ter- 
minals of the coil were now respectively connected additionally 
with the two coated discs before mentioned, by which their con- 
ducting surfaces were virtually increased; the sparks in the dis- 
charging interval instantly became brighter and louder, but no 
effect was yet produced upon the electrometer. The upper disc 
was now gradually depressed ; and as it descended, and the in- 
ductive action between it and the lower one increased, the dis- 
charges gradually became more sonorous, When within about 
3 inches of each other, they began to assume the character of 
the Leyden discharge, and the thermometer showed a small rise 
of temperature; and as the dises approached still nearer, and 
their inductive action upon each other still further increased, the 
thermometer rose to 15°, and the sparks became as vivid as 
those from a small Leyden jar. On raising or depressing the 
upper disc, corresponding changes in the character of the dis- 
charges and their thermal effects were produced, The surfaces 
here opposed were each 5 square feet, and their effect upon the 
electrometer when at 3 of an inch from each other, was just equal 
to a Leyden jar of moderate thickness containing about a quarter 
of a square foot of surface. Thus it would appear, that in order 
to obtain the effect of a jar of 3 or 4 square feet, it would require 
such dises to possess each a surface of at least 60 to 80 square 
feet, and to mduce upon each other at a distance of 3 of an 
inch ; and J am not quite sure that even this would be sufficient 
to develope the full effect of a single wave. Some idea may be 
thus formed of the extraordinary quantity of electricity which 
here appears to be set in motion by each interruption of the 
battery current ; and when it is considered that a simple increase 
in the length of the imduced wire, without interfermg in any 
way with the battery or the primary wire, is sufficient to produce 
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an almost corresponding increase of these effects, the mind is 
naturally led to inquire whence this additional power is derived, 
and whether any of the correlative physical forces operating to 
produce it have undergone any material change in their cha- 
racter. Here is an abundant field for inquiry, and the practical 
determination of the nature of these mutations may serve to in- 
dicate the extent to which the electrical developments resulting 
from a given amount of inducing magnetic action may be carried. 
So far as I have gone, they appear to be pretty nearly coincident 
with the lengths of secondary wire employed, though certain 
considerations would lead to the inference that the external 
layers of the secondary wire would be less effective than the in- 
ternal ones. One effect is worthy of remark in passing: it is 
the apparent absorption of the magnetic intensity of the core 
under certain conditions of the induced current, as is evidenced 
by the action of the vibrating spring, whose energy is much in- 
fluenced by alterations in the character of the secondary circuit, 
and whose vibrations become occasionally much enfeebled when 
the circuit is quite closed. 

The thermal effect, then, of the current upon an external cir- 
cuit will depend upon the quantity of electricity transmitted in 
each wave, and the electrical capacity of the terminal or trans- 
mitting conductors, up to the poimt at which they are fully 
capable of containing all the electricity sent forward to them. If 
of too small dimensions, the thermal effect produced will be only 
equivalent to the quantity of electricity which they can contain at 
the instant of the discharge ; and thus if the transmitted wave con- 
tain more than they are adequate to appropriate, it is evident that 
the effect of the whole quantity cannot be transmitted at once, 
but must partake in some measure of the character of the stream- 
like discharge from the terminal screws alone, one portion only 
acting as a Leyden discharge, and the remainder passing like a 
stream which overflows a vessel already full. 

As the determination of the quantity of electricity developed 
by the coil, and its comparison with some of the effects produced 
by statical or frictional electricity derived from other sources, 
appeared to be practicable and likely to afford some interesting 
results, I instituted a series of experiments with a view to ascer- 
tain this relation, and the results quite confirm the estimate 
which I had previously formed of the extraordinary power of the 
coil. The thermo-electrometer described (Phil. Mag. vol. xii. 
p. 379. par. 4) appeared to afford a ready and efficient standard 
of comparison for this purpose, since it was affected both by the 
electricity of the coil and that of the electrical machine, and its 
indications proved the identity of the two agencies. 

Without stopping to discuss the merits of the instrument asa 
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correct indicator, or otherwise, of the effect of single electrical 
impulses of great power, such as the discharge of the electrical 
battery, &c., it appears much better adapted for the examination 
of the effects of continuous voltaic currents, or of rapidly recur- 
ring Leyden discharges of small amount*. 

When a single electrical discharge is passed through the wire 
of the instrument, an effect is produced varying in a known de- 
finite relation to the quantity of electricity transmitted. This 
appears to be as the square of the quantity ; but the effect pro- 
duced is a transient one, and subsides instantly after the passage 
of the discharge, and even before its registration is completed on 
the scale. With the induction coil, however, the effect is differ- 
ent, since the fluid remains almost permanently raised under the 
influence of the reiterated discharges; and although the units 
of effect of each discharge, however small, may be subject to the 
same laws in relation to variations of quantity, surface, &e., yet 
their accumulated effects do not bear the same relation to sur- 
face, being, within certain extreme limits, in the direct propor- 
tion of the coated surface. I have determined this not only b 
Leyden jars of different sizes, but more accurately by coated 
panes, all of equal thickness but of different areas. 

In attempting to compare the induction coil with the electrical 
machine, it was necessary to employ conditions which should be 
precisely similar in each; that is to say, to compare units of 
effect with each other, or to multiply these units equally in both 
cases and then compare their indications. The former of these 
modes was extremely easy, but the latter only practicable to a 
very limited extent, from the difficulty of imitating the effects of 
the coil with the electrical machine ; but the results which I have 
obtained sufficiently establish the correctness of the principle by 
which I have been guided, and prove indisputably the identity 
of the agency from both sources. In order to imitate the effects 
of the coil with the electrical machine or with high tension elec- 
tricity of this class, it would appear necessary to excite it in suf-. 
ficient quantities to charge a jar to the same degree and discharge 


* T believe I was the first who employed this instrument for voltaic pur- 
poses, since in 1827 and 1828 I worked out with it a complete scale of the 
conducting powers of metals for voltaic electricity, and then discovered the 
curious anomaly, that with certain voltaic arrangements the best conductors 
are the most heated, and that, too, in the precise relation of their conduct- 
ing power. Whilst engaged in some experiments in which I employed 
wires externally to the bulb, I noticed the fact that the application of heat 
or cold to the external wire diminished or increased its conducting power, 
as evidenced by the effects on the temperature of the wire in the bulb. I 
communicated the fact to Sir W. Snow Harris, who repeated the experi- 
ments, and alluded to them in the Edinb. Phil. Trans. for 1832; and they 
are described more at length in his recent work on galvanism, page 162. 
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it with the same rapidity as with the coil; but as this was im- 
practicable, I had recourse to another expedient. I first ascer- 
tained the effect produced upon the thermo-electrometer by 
single discharges of the coil, from a jar containing a square foot ~ 
of surface, and I found these to be about 1 degree on the scale 
for each discharge; and if the discharges were made to follow 
each other in succession as rapidly as would admit of their being 
counted, I found that up to a certain point the degrees indicated 
were nearly as the number of discharges. 

My next step was to ascertain if the same amount of charge 
in the jar from the electrical machine would produce the same 
effect ; and having found this to be the case, | mounted the jar 
with a Lane’s discharger, the balls of which were adjusted so as 
to produce a discharge of the requisite strength, a thermo-elec- 
trometer being made to complete the cireuit. As no electrical 
machine would charge a jar with sufficient rapidity, I thought 
of accumulating a powerful charge in a large battery, and of 
drawing off the electricity rapidly from this reservoir into the jar 
by means of a point, and succeeded admirably as far as the limits 
of the charge would allow. I arranged on a table a battery of 
thirty square feet of surface, and connected it with the electrical 
machine, and upon a separate table placed the square-foot jar 
with its discharger and thermo-electrometer, but without any 
metallic communication between its outer coating and that of 
the battery. I connected with the charging wire of the jar, by 
means of a chain, a pointed wire fixed on an insulating handle, 
and by this means, when the battery was charged, I could, by 
approximating the point more or less rapidly to the conductor 
of the machine, cause the small jar to become charged and to 
discharge itself in rapid succession until the charge of the 
battery was reduced to the tension expressed by the discharg- 
ing interval of the small jar. In this way I succeeded in 
obtaining as many as twenty and thirty discharges, and found 
the effect to correspond precisely with that of the coil. When 
passed slowly, the fluid would rise 1 degree for each discharge 
and sink again; if discharged a little more rapidly, so as to 
pass each succeeding one before the effect of the former had 
quite subsided, there was a corresponding accumulation of effect 
upon the total number. If the point were approximated quickly, 
so as to obtain the discharges in rapid succession, then the effect 
was, as near as could be ascertained, in proportion to the sum of 
the discharges. My principal object at the time having been 
simply to ascertain if the establishment of the same conditions 
in the two cases would produce similar results, I did not investi- 
gate the difference between the effect produced by this subdivision 
of the charge of the battery and that which would have resulted 
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from the same quantity of electricity transmitted in a single dis- 
charge from. the battery, as it would have required the substitu- 
tion of a larger wire in the electrometer. On passing, however, 
one such discharge through the wire which I employed, it was 
melted, clearly showing a very great increase of effect with an 
undivided quantity. 

Having thus ascertained the value of a single discharge from 
the coil, and established a similar unit with the electrical machine, 
it was easy to ascertain its equivalent in glass surface submitted 
to friction ; and this quantity, multiplied by the number of dis- 
charges which the coil would produce in a second, would show 
their relative capabilities of developing electricity. My next 
step was to count the discharges of the coil; and here it may be 
remarked, that when the jar is employed, the value of each dis- 
charge is in no way lessened, but rather increased by the rapidity 
with which they follow each other. For this purpose I adopted 
Mr. Grove’s suggestion of making the discharges perforate a 
sheet of paper in motion, but the difficulty was to ascertain the 
rate at which they were produced ; this, however, I accomplished 
in the following manner, by an apparatus to which I have at 
present given the name of Spark-counter. It is thus constructed : 
two circular discs of wood, about 5 inches in diameter, are screwed 
together upon one common axis, so as to embrace a circular dise 
of paper, about 12 inches in diameter, between them. One of the 
dises of wood is made moveable, for the purpose of changing the 
discs of paper when required. This is mounted with a handle 
so as to rotate vertically like the plate of an electrical machine. 
Upon the same stand are placed two vertical brass pillars, having 
steel bearings on the top, which serve to support the knife-edges 
of the axis of a haif-seconds’ pendulum, so situated on the stand 
as to hang about 2 inches from the edge of the paper disc, and 
make its oscillations in the same plane. Through a wooden 
headpiece fastened on the axis of the pendulum, pass two copper 
wires enclosed in gutta-percha. These wires are about 2 inches 
apart, and they stand out horizontally about 8 inches in length, 
like two arms stretching towards the paper disc, one on each side 
of the top of its periphery. Here the points are turned towards 
each other, and brought within 3th of an inch of the paper on 
each side, so that the naked ends of the wires are about a quarter 
of an inch apart, having the paper disc between them, and are 
so adjusted as to stand about half-way between the edge of the 
paper and the wooden plates which hold it. The other two ends 
of the wires pass about 1 inch through the headpiece, and are 
there bent into two hooks, the gutta-percha coating being re- 
moved from them. Upon these hooks hang the ends of two 
hght and flexible wire-cord conductors, connected respectively 
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with the inner and outer coatings of the jar, which latter is also 
in connexion with the coil. The apparatus being thus arranged, 
if the pendulum be made to swing, the two arms will describe an 
are over the periphery of the paper; and if the coil be set in 
action, discharges will pass between the points, marking the are 
with perforations. If, now, the dise be turned slowly on its axis, 
a series of curves will be described by the perforations from the 
oscillating points. The number of perforations in each curve 
may be counted; and if reckoned from the top of one curve to 
the top of another, we get the number per second; or if from 
the top of one curve to the bottom of the same one, the number 
in a half-second. The rapidity of the discharges will depend 
upon the nature of the interrupting spring employed in the coil, 
and as many as 100 to 200 per second may be obtained. It is 
necessary that the paper should be rather slight for this purpose, 
and not turned too slowly, otherwise each discharge will not 
make a new perforation for itself, but some will occasionally pass 
back over the paper through the perforation made by the last 
discharge. A little observation will, however, soon obviate this. 

Having now the means of counting the number of discharges 
of the coil per second, their equivalent in glass surface was easily 
calculated, and the following is the result. 

I took one of my cylinder machines of 11 inches diameter, 
having a 10-inch rubber, and which in ordinary excitation will 
give six straight sparks between 3 and 4 inches long, from a con- 
ductor 5 inches in diameter and 18 inches in length, for every 
revolution of the cylinder, and a strong current of zigzag sparks 
between 9 and 10 inches in length, from a 2-inch brass ball. 
The quantity of surface rubbed by this machine to produce a 
discharge equivalent to a single discharge of the coil, was about 
16 square feet; therefore when the coil gave 150 discharges per 
second, it was equal to 24.00 square feet of glass surface per second; 
and as the machine could not be comfortably worked at the rate 
of more than 3 square feet per second, the coil was equivalent to 
the action of 800 such machines, and when giving discharges at 
a more rapid rate, could be made equivalent to 1000 of them. 
A 24-inch plate machine, having four rubbers of 5 inches in 
length, is just equivalent in actual power to one of my 11-inch 
cylinders ; therefore the same number of such machines would 
be required to do the work of the coil. During my late visit to 
London I was desirous of obtaining the equivalent of the coil in 
steam electricity, and through the kindness of my friend Mr. 
Pepper, who generously placed the powerful hydro-electric machine 
of the Royal Polytechnic Institution at my disposal, I was able 
to accomplish this. The machine having been powerfully ex- 
cited, the steam being at 90 lbs., and the full number of jets in 
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operation, I connected with the conductor a jar containing a 
square foot of surface, in communication with which were a 
Lane’s discharger, the spark-counter, and a thermo-electrometer. 
The discharging interval was adjusted so that each discharge 
produced one degree of effect upon the thermo-electrometer. 
This interval was rather more than 0:2 of an inch, and the dis- 
charges passed at the rate of seven per second. The discharger 
was fitted with balls of 1 inch diameter, and the bottom of the 
jar was connected with the gas-fittings. The total rise of the 
thermo-electrometer was 20 degrees. 

On comparing these effects with those of the coil, it would 
appear that since the latter is capable of producing from 100 to 
150 discharges per second, or even more, each raising the fluid 
1 degree of the thermo-electrometer, it would be equivalent to 
fifteen or twenty such hydro-electric machines. I next discon- 
nected the jar and caused a current of dense sparks of 2 inches 
in length to pass from the conductor through the spark-counter 
and thermo-electrometer, the latter being in connexion with the 
gas-fittings, and with this arrangement I obtained sparks at the 
rate of thirteen per second, producing a rise in-the thermometer 
of only 5 degrees. I had the curiosity to receive a few of these 
sparks on my hand; they were extremely violent, and were felt 
very powerfully in the legs and heels, although the floor was 
wood. ‘They were not, however, so painful as static sparks from 
the outer terminal of the coil. 

The quantity of electricity developed by this hydro-electric 
machine must have been very great, since on attempting to re- 
duce the rapidity of the discharges of the jar by placing an im- 
perfect conductor im contact with the machine, I found that my 
oak walking-stick produced scarcely any effect when laid upon 
the conductor, until the portion between the conductor and my 
hand was reduced to 3 or 4 inches. 

The quantity of static electricity developed by the coil appears 
by these comparisons to be very great, but its effects are of a very 
peculiar kind. One cannot help being struck with the difference 
between the character of the current which excites the machine 
and that developed by it. The former possesses no tension, but 
great thermal and magnetic power; the latter great tension, and, 
if unassisted by the jar, no thermal power in a metallic circuit, 
except at the discharging ends; and here, as I have before stated, 
it is doubtful whether the heat is elicited from the intervening 
medium or the metal itself. The thermal effect, however, pro- 
duced by the jar opens a curious inquiry as to the extent to 
which it might be increased by increasing the size of the coil. I 
have hitherto only produced, by the induced current and the 
jar, the ignition of 4 or 5 inches of fine platina wire; whereas 
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the battery used to excite the machine would ignite nearly three 
times the length of the same wire. Now I venture to throw out 
for the consideration of those engaged in the interesting and 
important investigation of the correlation and conservation of 
physical forces, and who have more time to prosecute their in- 
quiries than I can possibly command in the occasional intervals 
snatched from active business occupations, that it would be very 
curious to ascertain the relation between the thermal characters 
of the current employed and the current produced; and if, by 
any augmentation in the size of the apparatus, the secondary 
thermal effects should be ever made to equal those of the pri- 
mary current, what would be the intermediate relationship of the 
magnetism which would then almost appear to be an extraneous 
development. I do not throw out this hint by way of express- 
ing any want of confidence in a theory, the truth of which, if 
not already established, is pretty nearly so, but merely to sug- 
gest what appear to me new conditions and relationships which 
require to be harmonized with each other, and included in the 
general consideration of the phenomena. 


XLVI. On the Problem of the In-and-circumscribed Polygon. 
By the Rev. Gzorcr Satmon, Trinity College, Dublin*. 


HE following is the conclusion of my investigations on this 
subject published in the last Number. It is found by the 
method there described, that if two sides of a triangle touch a 
conic U, and the third side a conic aU+dV, if the two base 
angles move on the conic V, then the locus of the vertex will be 
one or other of two conics touching the four common tangents 
of U, V, and whose equations are of the form 
AAV +rApF + Up?=0, 
where A is given by the quadratic equation 
a(ab— Ba)r? + a(4Aa + 20b)Ap—b?u?=0, 
where «-=4AA!, B=0?—4A0'. : 

Now if it be required to find the locus of the free vertex of a 
polygon, all whose sides touch U, and all whose vertices but one 
move on V, this is immediately reduced to the last question, 
since the line joining the two vertices of the polygon adjacent to 
that whose locus is sought, touches a conic whose equation is of 
the form aU +bV=0. 

The locus will therefore always be of the form 


AAV +AuF + w?U=0. 


* Communicated by the Author, 
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It may be seen without difficulty, that if \/, w/ be the values 
for a polygon of n—1 sides, and X", yz those for a polygon of n 
sides, then the values for a polygon of n+1 sides are 


yeas yp hier ite AMY!" (cepa! — A'pn"). 


And since in the case of the triangle we have N=a, p/=A'B, 
and in the case of the quadrilateral we have W!=/?, pw =ay, 
where y=4Aa+280, we can form, step by step, the equation 
for any polygon. 

From these we can deduce the condition that it should be 
possible to describe a polygon inscribed in V, and circumscribed 
about U. ‘These conditions are,— 


For a triangle, B=0; 
» quadrilateral, y=90; 
«. pentagon, 6=0, S=a*y—A/p®; 
- hexagon, e=0, e=d—Aly’*; 
. heptagon, $=0, h=a*ye—0?; 
e. octagon, v=0, w=dp—A'B*e? ; 
and so on. I suppose these values will be found to coincide 


with those found by a different method by Mr. Cayley in a 
former Number of this Journal, but I have not verified this. 


Trinity College, Dublin, 
April 13, 1857. 


XLVII. On the Constitution of Allophane. By Aveustus 
Beaucname Norrucore, #.C.S8., Senior Assistant im the 
Royal College of Chemistry*. 


ot fests occurrence of the mineral allophane at New Charlton, 

near Woolwich, appears to be quite of recent discovery. 
In the summer of last year, my friend Mr. Bullen, of the School 
of Mines, observed this substance occupying the position of a 
vein in a chalk-pit at that place, which from its existing at both 
sides of the quarry, had in all probability stretched across before 
the clearing away of the chalk had been effected. This vein had, 
it appears, about the same time attracted the attention of other 
observers, for on the 19th of November last Mr. Morris read a 
paper before the Geological Society upon its existence and com- 
position fF. 

My own analyses of the specimens which Mr. Bullen was kind 
enough to procure for me were unavoidably delayed; but not 


* Communicated by the Author. 
+ Quart. Journ. Geol. Soe. vol. xii. p. 13. 
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altogether unprofitably so, since by the examination of a larger 
number of samples I hope [ have been enabled to obtain some 
insight into the constitution of this curious silicate. 

The specimens which I have examined are four in number: 
the two first taken in the summer of 1856 at the opposite sides 
of the pit, the two latter taken about six months later from one 
of the sides, in the immediate neighbourhood of each other. 
Their physical characters were somewhat different: No. I. was 
an amber-coloured transparent substance, bearing a strong resem- 
blance to the gum-resin copal; No. II. was semi-opake, and 
more friable than the former ; it had also a fainter tinge of yel- 
low, and occurred in larger masses; No. III. bore a considerable 
likeness to No. II.; and No. IV. was of a ruby-red colour, and 
transparent, and appeared to be generally disposed in the form 
of layers, alternating with the ordinary allophane. The speci- 
mens were all found to contain, besides alumina, silica and water, 
lime, carbonic acid, and more or less iron; and these constitu- 
ents were estimated according to the usual methods. Taking 
into consideration, however, the fact of the large and very vari- 
able quantity of water present in all the varieties of which ana- 
lyses have been published, and by means of which such difficulties 
have been thrown in the way of arriving at any formula for the 
mineral, I considered it desirable accurately to ascertain the 
amount of loss which each specimen experienced by exposure to 
a heat of 100° C., in order to see whether any more definite view 
of their constitution might be obtained by knowing the compo- 
sition of the dried substances. The loss thus undergone is not 
nevertheless wholly due to the escape of adherent water, for in 
each instance I have found more carbonic acid in the specimen 
than was sufficient to combine with the lime to form neutral 
carbonate ; this I have supposed to exist as bicarbonate; but in- 
asmuch as the carbonic acid in excess would be evolved together 
with the loosely-combined water at the temperature of 100° C., 
I have in every case deducted its amount from the number repre- 
senting the total loss under those circumstances. In a similar 
manner the entire amount of carbonic acid was deducted from 
the total diminution of weight after ignition, in order to arrive 
at the whole quantity of water present. The small quantity of 
iron occurring in the three first specimens I have assumed to 
exist as protocarbonate, although I have not determined whether 
such is its real condition, since its amount appears to be far too 
minute to interfere with the formula of the mineral; but in 
No. IV., in which it exists in much larger quantity, I have ascer- 
tained that it is present entirely as sesquioxide. 

The results arrived at in the analysis of the four specimens 
alluded to will now be given. 

2A2 
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Specimen I. Sp. gr. 1°77. 


us i HU 
Alnmnnx Or os a 81°34 
Sitter (208 ie Bon eae 20°70 20:50 
Water . . 2. . > 42°84 42°97 42°91 
Time"! *: . 1:94 1:90 1:92 
Protoxide of iron. . ol eh 81 
Carbonic acid. . . 2°86 2-60 2°73 


99°71 
fWater corns in 27°11 


Loss percent.at 100°C. Carbonic acid exist- ‘ 
1:04 
ing as bicarbonate 


These constituents may be approximately arranged as follows:— 


Adnmina Ws edad ggdde Ob ee 
Silica . cts bewy 03D 
Water fined “ 100° C. Je Sab De 
Water expelled at 100° CG. . 27l 
Carbonate of lime . ... & rs 


Carbonate of protoxide of iron. 
Carbonic acid pe vitae as bi- 
1:04 
carbonate 


99°71 


If now we remove the carbonates of lime and iron, the loosely- 
combined water and carbonic acid, which may, I presume, be 
safely regarded as extraneous to the mineral, we obtain the fol- 
lowing numbers expressing its composition :— 


AlnmiNe@enl «eee Use snokiod 46°34 
Silica . ~o ty) 20:50 80°31 
Water fixed ai 100° C. 15°80 23°35 

67:64  100:00 


The actual formula deducible from these numbers is 
Al? 08 . 88108, 3(Al? O?. 3HO) +. 23HO; 
but I need scarcely say that it is my belief that the real formula 
of this specimen is 
Al? 08 . 38i0%, 3(Al? 0? . 3H), 

the additional water having very probably crept in as an erro- 
neous result. This might happen in many ways: the protocar- 
bonate of iron, if really so existing in the mineral, would cer- 
tainly by drying at 100° C. become converted into hydrated 
sesquioxide, by which means more water would be retained than 
the alumina alone required; or a slight variation in the relative 
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proportion of the three constituents would remove the anomaly ; 
or the very hygroscopic nature of the dried substance would of 
itself be quite sufficient to account for such an excess of water ; 
for I found that when, after drying, it was left for a day or two, 
even in clamped watch-glasses in a balance-case, it had regained 
half the weight which it had lost by drying. I may also state 
here, that, on the authority of Brande, the neutral hydrate 
of alumina sustains a temperature of 100° C. without loss of 
water. 

Specimen II. Sp. gr. 1°84. 


I Il. 
Alaming. 00%. + « ofioO ome 37°30 
Sites < os ges 3) he Oe 19°50 19°58 


WWatteR eee es Ste 2 OO OD 39°34 39°19 
JBriciiis | Ut Se earn 1:36 V37 1:36 


Protoxide of iron. . id ~rt “12 
Carbonic acid. . . 246 2°42 2°44, 
99°98 
Water Ct te Ore 
Loss percent. at 100°C.< Carbonicacidexist- | ,, 
1:31 
ing as bicarbonate 


These constituents may be thus approximately arranged :— 


Alsinina:,«2)) 2) <othi! lo stendFBO 
Siig dante eaietevidonsg ‘wo sia Os 
Water fixed at 100° C.. . «. 18°43 
Water expelled at 100°C. . 20°76 


Carbonate oflime . . . . 2-48 
Carbonate of protoxide of iron. mh, 
Carbonic acid existing as bicar- y 
1:31 
bonate 5 ENS, 
99:98 


The accidental constituents being, as in the former case, with- 
drawn, we obtain as the composition of this specimen,— 


Manian” ot SSB 49°53 
Siliatry , 428s. 19°58 26:00 
Water fixed at 100°C. 18°43 2447 

75°31 100°00 


And the formula arrived at from these numbers is 
Al? 0? . 88i0%, 4(Al? O®. SHO) + 2HO. 


If the 2HO are considered here, as in the former case, to be 
due to erroneous determination, arising from one or more of the 
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disturbing causes which I have before mentioned, we obtain the 
formula 
Al? 08. 88109, 4(Al? 0? . 3HO) 
as the simplest expression in whole numbers of the constitution 
of this specimen. 
Specimen III. 


L IH. 
Atoraina . ns ‘ev cs, SO'UD Bes 39:09 
ce: ar ee momar 0 16:99 17:00 
Water 3.6.0 a laa 2 ee 41:02 40°92 
hime wah ety S3le50 151 1:50 
Protoxide of iron . . trace wae trace 
Carbonic acid. . . 1°50 1:48 1:49 


100-00 


Water. «.“o.') 4° 2080 
Loss percent. at 100°C.~ Carbonic Bee: 3] 


ing as bicarbonate 
These constituents may be thus approximately arranged :— 


Alma iso dt). 4909 
Silica“. . SMa LOG 
Water fixed at 100°C. . . 20°82 
Water expelled at 100°C. . 20°10 
Carbonate oflime . . . . 2°68 
Carbonate of protoxide of iron. trace 

Carbonic acid ate as Eihef eae 31 

bonate 


100-00 


If we again assume the water expelled at 100°C., the carbon- 
ate of lime, and the excess of carbonic acid, to be we 8 
to the constitution of the mineral, the following numbers will 
represent its real composition :— 


‘Alaminaz? £0 20 me S909 50°82 


Silica . 17:00 22°11 
Water fixed si 100° C. 20°82 27:07 
76°91 100-00 


The precise formula given by these numbers is 
Al? 08, 8Si03, 5(Al? O?. 3HO) +3HO; 
or if we exclude, as before, the surplus water, 
Al? 08. 3810, 5(Al? 0?. 3HO). 
The fourth specimen, which from its appearance evidently con- 
tained some quantity of sesquioxide of iron, I examined in the 
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hope of finding that it was an iron substitution compound: it 
was selected with considerable care, and freed as perfectly as 
possible from the ordinary allophane with which it was interstra- 
tified. Its analysis yielded the following results :— 


Specimen IV. 
I. II. 
Alpraina sic: obheis)is 1288 bee 32°88 
Sesquioxide of iron . 6°51 6:67 6:59 
Dilies, oo) tunes at. "GO 17°21 AOR 


TET ns «hha ey asa, 40°29 40°31 
Tinie? Wesex avetontie 1:34 es 1:34: 
Carbonic acid. . . 1°85 1:79 1°82 

99:99 


Water cn... 21:97 
Loss per cent.at 100°C.< Carbonic acid exist- a 5 


ing as bicarbonate 


Treating these constituents as in the former eases, we obtain 
the following approximate arrangement :— 


Alomina “:V62 ge) ca: (2 OR BS 
Sesquioxide of iron. . . . 6°59 
Siliea 2). A Vs :aljehdiZj05 
Water fixed at 100°C... . 18:35 
Water expelled at 100° CG. . 21-97 
Carbonate of lime . . . . 241 
Carbonic acid existing as ence 75 
bonate tage te ie 


100-00 


These results, if the former method of exclusion is again adopted, 
give the following as the true constituents of the mineral :— 


Alumina 53} 392588 43°92 


Sesquioxideof iron. . 6:59 8:80 
Silica. ce Ee 22:77 
Water fixed at 100°C. 18°35 24°51 

74:87 100-00 


The formula given by these numbers places this specimen in 
close relationship with the last mentioned, the sesquioxide of 
iron replacing a small portion of the alumina, as will be seen by 
the following expression, which is that which the above compo- 
sition yields :— £03 , SHO) 

Al? O# . 88108, a We 3 } 3H 8 HO ye HO 


H 3Fe? 0? 
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If the formulz obtained by these analyses may be considered 
as expressing the real constitution of this mmeral, it would appear 
that it consists of a mixture of neutral silicate of alumina with a 
variable amount of neutral hydrate; the former mineral is not, 
I believe, known in an isolated state, but the latter as Gibbsite 
frequently occurs: were we acquainted with the former also, we 
might imagine allophane to be the transition, or a series of trans- 
ition stages between it and Gibbsite; this is well shown by the 
collected formule :— 


? {Al208. 38108. 


1, J. Al?O8. 38i0° 
‘ 1 3(Al2 03. 3HO). 

i J. AP O®. 38i08 
4(Al? 08 .3HO). 

i, J, Al? O®. 38i08 
* | 5(Al? 08. 3HO). 
Al? 08 . 38i08 
4(Al? 08 .3HO) 


1 Aj2 08 
the os } SHO. 


Gibbsite. { Al? 0? .38HO. 


What relation the specimens formerly examined by various 
analysts bear to those now described, cannot, unfortunately, be 
ascertained, since in one case only can I find a sample which 
had been dried at 100° C., and that still contains an amount of 
water quite incompatible with any formula analogous to those 
preceding. 

I will subjoin the analyses containing the maximum and mini- 
mum amounts of water which have been hitherto obtained*, for 
the sake of comparison with my per-centage numbers :— 


Collyrite from Allophane from Allophane from 


FV: 


Weissenfels by Fermi by Beauvais by 
Kersten. Gulllerain; ~ Berthier. 
Alumina . . 42°8 39°68 29°2 
Silica . . 4. -23°3 23°76 21:9 
Waters. «5.9837 _ 85°74 442 
; Sulphuric 
654 PU Pane a7 Clay. 
99°8 99°83 100-0 


This is the dried specimen 
above alluded to. 


* Gmelin, Cay. Soe. vol, iii. p. 414, 
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Allophane from Charlton dried at 100° C. 


i Il. III. 
Alumina . . 46°34 49°53 50°82 
Biliéa) «i! )....#: 30°31 26:00 22-11 
Water. . . 20°35 24°47 27:07 
100-00 100-00 100-00 


It is scarcely conceivable that this very great loss of water 
should be peculiar to the Charlton allophane; but it yet seems 
singular that no chemist but Guillemin should have made the 
observation that such a loss occurred, and that in his case it 
should have been comparatively so small: obviously in these 
specimens, at least, the water in the native mineral exists in 
two very different states of combination; whether the entire 
amount is necessary or superfluous to its constitution as allo- 
phane has yet to be shown. My present object is to draw atten- 
tion to the fact, that, regarding the water expelled at 100° C. as 
uncombined, or simply adherent, formule may be assigned to 
the mineral which do not militate against the generally received 
views of the constitution of saline compounds, This, however, 
cannot be urged in defenee of such formule as have hitherto been 
given,—those of Dana for instance, 

3Al? 0%, 2810? + 20HO 
and 

3A]? 03, 28108 + 15HO ; 
or of Gmelin, 

Al? 03, Si0?+ 7HO 
and 

Al? 02, Si0?+ 5HO, the dried specimen of Kersten, 
are scarcely in accordance with existing ideas, and certainly do 
not tend to elucidate the confessedly obscure question of the 
constitution of the silicates. 


XLVIII. On the Application of Elementary Geometry to Cry- 
stallography. By W.H. Miurr, .A., F.R.S., Professor of 
Mineralogy in the University of Cambridge*. 


8 i Wee instruments of analysis hitherto employed in investi- 

gating the general geometrical properties of crystals, have 
usually been either analytical geometry of three dimensions, or 
spherical trigonometry. Lately, however, Professor Sella of 
Turin has deduced the symbol of a zone containing two known 
faces, the symbol of a face common to two known zones, and 


* Communicated by the Author, 
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the equation of condition that a face may belong to a zone, and 
has shown that the faces of a crystal may be referred to the axes 
of any three zones as crystallographic axes, with the aid of ele- 
mentary geometry only (Nuovo Cimento, vol. iv.). The following 
investigation shows, that not merely the propositions established 
by Professor Sella, in which it has not been considered requi- 
site to adhere closely to the steps of his demonstrations, but all 
the more important geometrical properties of crystals admit of 
being easily and concisely proved by the methods of ordinary 
elementary geometry. The relation between the segments formed 
by the mutual intersection of four straight lines is frequently 
used. Though well known, a proof of it is given in order to save 
the trouble of reference. 

2. Let A, B, C, D, E, F be the points of intersection of four 
straight lines, as shown in the annexed figures. Let AH, parallel 


to BC, meet DF in H. Then 
AF.BD=FB. AH, and CE. AH=DC.EA. 
Therefore AF. BD .CE=FB.DC.EA. 
Fig. 1. Fig. 2. 


Cc 


8. Let XOX’, YOY’, ZOZ' be any three straight lines given in 
position, all passing through a given point O; a, b, c any three 
lines given in magnitude; A, k, d any three positive or negative 
a 
?? 
measured along OX or OX’, according as / is positive or nega- 


whole numbers, one or two of which may be zero. Take OH= 


tive ; oK=2 along OY or OY', according as & is positive or 
negative; OL= ; along OZ or OZ', according as / is positive or 
negative. Let the symbol Ak/ denote any plane parallel to HKL, 
including HKL itself, on the same side of the point O. It is 
now proposed to investigate some of the properties of the system 
of planes obtained by giving to 4, k, / different numerical values. 

4. Let the point O be called the origin of the system of planes; 


Elementary Geometry to Crystallography. 347 


the straight lines XOX’, YOY', ZOZ! its axes; the three lines 
a, b, c, or any three lines in the same ratio, its parameters ; and 
let h, k, 1, or any three whole numbers in the same ratio, and 
having the same signs, be called the indices of any plane parallel 


to HKL. Then 
pg og or 
a b Cc 


When one of the indices /, k or / hecomes 0, the correspond- 
ing point H, K or L will be indefinitely distant, and the plane hk/ 
will be parallel to the corresponding axis. When two of the in- 
dices become 0, the plane Aé/ will be parallel to the two corre- 
sponding axes. 

When a numerical index is negative, ora literal index is taken 
negatively, the negative sign will be placed over it. 

The planes hkl, hkl are obviously parallel, and on opposite 
sides of the point O. 

5. The line in which any two planes of the system intersect 
will be called an edge. 

Let O be the origin; OX, OY, OZ the axes; a,b, c the para- 
meters of a system of planes. Let OB=4; and let the planes 
hkl, pqr, passing through B, inter- Fig. 3. 
sect in the edge BM, meeting = 
the plane ZOX in M, and let them \ 

R 


meet OZ and OX in L, Rand H, P. 
Then \ 
Fon—* on=—0b, 
a b Cc 
Pop =0B= "oR 
a b c 
Therefore 


1.OL=ke, h.OH=ka, r.OR=qe, p.OP=ga, 
lr. LR=(kr—lq)c, hp. PH=(hq—hp)a. 
But by (2), 


Therefore if 


HM.LR.OP=ML.RO.PH. 


u=kr—lq, v=lp—hr, w=hq—k, 
w/.ML=uh.HM, wl.LH=—vk. HM, uk. LH=—vk. ML. 
Draw MD parallel to OZ meeting OX in D. 
LH.OD=ML.OH, and LH. MD=MH. OL. 


Hence v.OD=—uwa, and v.MD=—we. Take DE equal 
and parallel to BO, EF equal and parallel to MD. Then 
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v. DE=—v.OB=—vdb. BM is obviously parallel to OF, the 
diagonal of a parallelopiped the edges of which are respectively 
parallel to the axes OX, OY, OZ, and proportional to —ua, —vd, 
—we, or to ua, vb, we. 

Any line parallel to BM will be Fic. 4 
denoted by the symbol uvw. The Pg 
whole numbers u, v, w will be called 
its indices. 

6. In OY take OB=8, and let 
hkl, pqr be the symbols of any two 
edges BM, BS passing through B, 
and meeting the plane ZOX in M,S. 
Let MS meet OZ in W, and OX 
in U. Draw MD,SG parallel to OZ. 
Then, by (5), 


k.OD=—ha, k. DM=—lc, gq. OG=—pa, q.GS=—re. 
Hence 
(kr—lq)OU=(lp—hr)a, (hqg—kp)OW= (lp—hr)e. 
Therefore 
“oU= + O0V= “ow, 
a b c 


where 
u=kr—lq, v=lp—hr, w=hq—kp. 

Since u, v, w are integers, the plane UBW is one of the planes 
of the system. Hence a plane of the system may always exist 
parallel to the edges formed by the intersections of any two pairs 
of planes of the system. 

7. When uvw is the symbol of a plane parallel to the edges hkl, 
pqr, the indices w, v, w are derived from h, k, |, p, q, r exactly 
in the same manner as the indices u, v, w are derived from 
h, k, 1, p, q, x, when uvw is the symbol of the edge in which the 
planes Ak/, pgr intersect. 

If the two symbols followed by the first and second indices of 
each, be written one underneath the other, and three letters X 
in the intervals between every four indices beginning with the 
second, it will be seen that u= product of indices joined by the 
thick stroke of the first X— product of indices joined by the 
thin stroke; and that v and w are formed in the same manner 
from the products of the indices joined by the thick and thin 
strokes of the second and third letters X respectively. 

hklhk 
XXX u=hkr—lg, v=lp—hr, w=hq—kp. 
Pigstig 7 
By this rule numerical values of u,v, w may be formed at 
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once from those of h, k, 1, p, g, 7 without the trouble of substi- 
tuting the latter in the expressions for u, v, w. 

8. The planes of a system that intersect in parallel lines are said 
to constitute a zone. A line through the origin parallel to the 
edge formed by any two planes of a zone is called the ais of the 
zone. A zone and its axis are denoted by the symbol of the 
edge formed by any two planes belonging to the zone. 

Let wow be the symbol of a plane parallel to the edges hkl, 
pqr. Then uw=kr—lq, v=lp—hr, w=hq—kp. Therefore, 
multiplying the first equation by h, the second by k, and the 
third by 1, and adding, we get 

hu+kv+lw=0, 
which expresses the condition that the zone hkl may contain the 
plane wow. 

Any three whole numbers which, when substituted for uv, v, w, 
satisfy the above equation, are the indices of a plane in the zone 
hkl; and any three whole numbers which, when substituted for 
h, k, 1, satisfy the same equation, are the indices of a zone con- 
taining the plane ww. Fig. 5. 

9. Let the plane ww meet the axes y 
of the system of planes in U, V, W, 
and the zone-axis efg in P. Draw 
VP meeting WU in M, and WP 
meeting UV in N. The indices of 
the edge VM will be —ev, gw + eu, 
—gv, and the indices of the edge 
WN will be —ew, —fw, ew+fv. 
The edges VM, WN are in the plane 
UVW. Therefore by (5), eee 


eu. WU=(euw+ gw) WM, and fu. VN=eu. NU. 
But by (2), PV.NU.WM=MP.VN.UW. Therefore 
fu. PV=(eu+gw)MP, 


Hence 
fv. MV=(eu+ fo+ gw) MP. 


In like manner, if the plane mno passing through V, meet OP 
in D, and OM in G, 
fn. GV =(em+fn-+ go)GD. 
But by (2), OD.GV.MP=OP.GD.MV. Hence 
v(em+f{n+ go)OD =n(eu+ fv + gw)OP. 
So also, if the zone-axis hkl meet the plane wow in Q, and the 
plane mno in K, 


v(hm+ kn+1lo)OE =n(hu+kv+lw)O0Q; 
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and if the zone-axis pqr meet the plane ww in R, and the plane 
mno in F, 
v(pm+qnr+ro)OF=n(pu + qu+rw)OR. 
Hence, if a’= (em + fr + go)OD, b'= (hm+kn+1o)OE, 
c'=(pm+qn+ro0)OF, we shall have 


u! v! w! 


where u!' =eu+fv +2w, 

v =hu+kv+lw, 

w!'=putqv+rw. 
Since w!, v', w! are whole numbers, it follows that the planes may 
be referred to the zone-axes efg, hkl, pqr as axes of the system ; 
and that the symbol of the face wow, when referred to these axes, 
becomes w'v'w’, 

10. It appears from accurate measurements of the mutual ineli- 
nations of the faces of a crystal, and from calculations founded on 
those measurements, that, if through any point within a erystal 
planes be drawn parallel to the faces of the erystal, and any three 
intersections of these planes, not in one plane, be taken for axes, 
the positions of the faces of the crystal will be found to obey the 
law which has been assumed for the system of planes which has 
been the subject of the preceding investigation. ence all the 
conclusions arrived at respecting such a system of planes, hold 
equally for the faces by which a crystal is bounded. 

11. Let P, Q, R, 8 be four faces in Fic. 6, 
one zone, of which P, Rpass through Fi 
the origin O, and Q, 8 pass through 
any point K in the axis OY. Let 
hkl, uvw be the symbols of the faces 
Q, S which are projected into KF, 
KR respectively ; efg, pqr the sym- 
bols of any zone-axes in the faces 
P, R which are projected into OP, 
OR respectively. OD, OP are the 
projections of the portions of the 
zone-axis efg intercepted between O 
and the faces hkl, wv; and OF, OR are the projections of the 
portions of the zone-axis pqr intercepted between QO and the faces 
hkl, uw. Therefore by (9), 

v(eh +fk+ gl)OD=k(eu+ fv+gw)OP, 
vo(ph+-qk+rl)OF=K(put qv+rw)OR. 
Hence, if ,— putqu+rw eh +fk+ gl 
~ ph+qk+ri eu+iv+gw’ 
OF .OP=7.OD. OR. 
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This equation remains true when K is no longer a point in the 
axis OY, and O is no longer the origin. 


OF OP sin KDOsin KRO 


Let PQ, PR, PS denote the angles which the faces P, Q, R, S 
make with the face P, supposed to be all measured in the same 
direction, Then 


sn KDO snKRO_ —sinPQ sin (PR—PS) 

sn KFO sm KPO™ sm(PR—PQ) smPS — 
Hence 

sin (PR—PQ) sin PS=i sin (PR—PS) sin PQ. 


12. PS is given in terms of PQ,PR, and the indices of P,Q, R,S 
by equations easily deducible from the above. These are 


i(cot PS— cot PR) = cot PQ—cot PR 


and 


isin PQtanO=sin(PR—PQ), tan(PS—}PR)=tan} PRtan(7—6). 


The indices of S may be obtained by eliminating - and = 


between either of the last equations and uw+ve+ww=0, where 
uyw is the symbol of the edge formed by the intersection of any 
two of the three faces P, Q, R. 

13. Sin (PR — PQ) sin P =isin (PR — PS)sin PQ is readily 
transformed into 


cos (2PR—PQ + RS) =(1—2) cos (PQ F RS) +7 cos (PQ+RKS), 


the upper or lower sign being taken according as PR is greater 
or less than PS. This equation gives PR when the angle PQ 
has been observed in one crystal, and the angle RS in another ; 
or when, as not unfrequently happens, the crystal consists of two 
individuals in positions not accurately parallel, one of which has 
the faces P, Q, and the other the faces R, 8. Fig. 7: 

14, Let efg, pqr be the symbols of 
any two edges OP, OR; KF’, KR any 
two edges in the face POR; Akl, ww 
the symbols of any two faces contain- 
ing the edges KF, KR respectively. 
Then, since the edges efg, pqr meet 
the face hklin D, F, and the face wow 
in P, R, 


OF .OP=:.0OD.OR. 
Draw DU parallel to KR, meeting OR in U, and FV parallel 
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to KR, meeting OP in V. Then 
OF=:.0U, OV=i.OD. 
Draw OQ, OS parallel to KF, KR respectively. Then 
sin (POQ— sin POR) sin POS=isin (POS— POR) sin POQ. 
15. POS is given in terms of POQ, POR, and the indices of 
the four edges by 
(cot POS— cot POR) = cot POQ — cot POR ; 


or 


7sin POQ tan 6= sin (POR— POQ), 
tan (POS—3POR) = tan 4 POR tan (z —6) : 
These expressions are of use in calculating the angles between 


the faces of crystals, and also in constructing models, and draw- 
ing figures of crystals. 


XLIX. Remarks on Foam and Hail, By Professor TyNDALL. 


QO* Monday, the 13th of April, I walked from Ventnor to 

Freshwater Gate along the southern coast of the Isle of 
Wight. The day was stormy, and the sea consequently high. 
Owing to the retardation of their inferior portions by friction, the 
waves, as they approached the shore, became steeper, the crests 
advanced, and finally fell over like cataracts. Sometimes three 
or four such waves were observed following each other and 
charging with great impetuosity up the beach, bounding over 
isolated rocks which, when the wave receded, stood six or eight 
feet above the water. Sometimes two waves intersected each 
other, and at the point of junction, as both fell forward, a dark 
cavernous space, somewhat resembling those observed at the ends 
of glaciers, existed for an instant. In the next moment the air 
within it was whipped into foam. The production of a great 
quantity of foam was indeed the consequence of the commotion, 
Large masses of it, which shook like elastic jelly in the wind, 
were collected wherever it could find shelter, from which pieces 
were sometimes detached and blown hke gigantic snow-flakes 
inland. The remark I have to make here has reference to the 
temperature of this foam. On passing a nook where a quantity 
of it had collected, I dipped my hand into it and found it blood- 
warm ; its taste, moreover, was intensely bitter. On examining 
the water of the sea from which the foam had been produced, I 
found it very cold. In fact it was a raw sleety day, and the 
temperature of the sea-water was what might be expected in 
such weather. The warmth of the foam appeared to be due to 
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the air enclosed by the waves when they fell over, and in the 
compression and heating of which a portion of the vis viva of 
the falling mass was expended. The air thus entrapped has, on 
account of its warmth, an increased capacity for aqueous vapour : 
this, and the evaporation from the extended surfaces in contact 
with the free atmosphere, concentrate the solution of which the 
films are composed, and is probably the cause of the increased 
bitterness. 

I am tempted to make a remark here upon another subject. 
While reading, a short time since, an able and elaborate sum- 
mary of the opinions at present entertained regarding the forma- 
tion, shape and constitution of hail, I found one circumstance 
omitted which must have some influence, and may have a very 
sensible one. While crossing the Hoch Joch in the Tyrol last year, 
when Dr. Frankland and myself were assailed by a fierce hail- 
shower, the thought occurred to me that the conditions in front 
and behind a hailstone, during its motion, must in some cases affect 
its shape and constitution. ‘The theory of meteorolites generally 
received at the present day is, that they are opake bodies raised 
to a state of incandescence by their motion through the atmo- 
sphere. Whether this theory be correct or not, the resistance of 
the atmosphere is a true cause, and a generation of heat equiva- 
lent to the vis viva lost through this resistance is inevitable. 
When a hailstone moves through the air, it bas a condensation 
in front and a rarefaction at its back; a possible melting tempe- 
rature before it, with a possible freezing temperature behind it, 
which may sensibly influence both the shape and constitution of 
- the hailstone. In the shower to which I have referred, the pre- 
dominant shape of the hailstones was conical, and this shape is 
also noticed by Dr. Hooker in his journal, It seems a fair 
matter for inquiry how far this shape, and the stratified appear- 
ance sometimes exhibited by hailstones, may be dependent on 
' the condensation and rarefaction to which I have alluded. 

Both the circumstances referred to may have been already 
noticed; but I am not aware that they have, and this will per- 
haps excuse me if I should be calling attention to things already 
sufficiently known and appreciated. As regards the foam, the 
facts recorded appear to have some bearing upon the determina- 
tion of the mechanical equivalent of heat by the churning up 
of water. But the skilful experimenter to whose industry we 
owe this determination has, 1 doubt not, excluded every such 
remote possibility of error. 


Royal Institution, April 1857. 
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‘L. Observations on the Theory of Equations of the Fifth Degree. 
' By James Cocxiz, M.A., F.R.A.S., F.C.P.S., Barrister- 
at-Law, of the Middle Temple*. 
HE “ Reflections,” &c. of Mr. Jerrard (Phil. Mag. Suppl. 
June 1845, pp. 545-574), starting from the solvable form 
of De Moivre, throw doubts upon the proposition which it was the 
design of the argument of Abel to establish. The following in- 
vestigations are based upon a form more general than the qua- 
‘drinomials of De Moivre or of Euler, which indeed are but par- 
ticular cases of the quinomial here employed. In order to 
facilitate the comparison of Mr. Jerrard’s results with mine, I 
have, as far as my own objects and formule would permit, 
adopted his arrangement and notation. 


INTRODUCTION. 
1. The elimination of 2 between 
2° +A,a4+ Aja? + Ajz?+ Aya+A;,=0 
and 
2+ pyet+ Po=y 


y° + By + Buy + Bay? + By + B,=0, 
where B are known functions of p and A. 
2. The first two equations lead also to 
w= dat gy + gay" + NY? + Goy"s 
where g are known functions of p and A. 
3. The elimination of p between 


z!=pt+ p?u+ p*v+ ptw 


leads to 


and 
gives 
24.023 + gz? + C2! +Cl=0, 

where C! are functions of ¢, u,v and w. But the functions are 
unsymmetric, and the determination of ¢, u, v and w cannot be 
made to flow from the solution of a biquadratie. 

4. If, however, one of the quantities ¢, uw, v or w vanish, each 
of the others is expressible in terms of C’. And, denoting by j 
any value of p, the identical equalities 


jt+jru+ju= (7?)Pt+j?u + (7?)%0 
= (Pitt (P)utjPo=(P)t+ (/)Put (7) 
show that it is immaterial which one we suppose to be zero. Let 
it be w that vanishes, and let its evanescence change 2’ into ¢ and 
C! into C. 


* Communicated by the Author. 
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5 How, under these circumstances, to express ¢, u, v and z 
in terms of C I have elsewhere shown (Phil. Mag. August 1856, 
p. 124; Diary for 1857, pp. 77, 78). My present object is to 
inquire whether p, and p, can be so determined as to render the 
equation in y identical with 
24+ C,23 + C2? + C,z+C;=0, 
and, consequently, solvable. Three questions are here involved : 
(1) the degree of the final equation, (2) its susceptibility of de- 
pression, and (3) of solution. The first two are the subjects of 
this paper. 
Sxcrion I, 
6. The identity of y and z is expressed by the system 

Lo +p @e+po=t+utr, 

Le? +piletpo=it +itu+iv, 

2,2 +p,a, +po=Pt+ Fu+ir, 

Leo +p, ts +p .=Pt+ Put, 

Leo +p Let+po=Ut+wu +2v,J 
where 7, 7”, ® and # are the unreal fifth roots of unity, and 
a, 8, y, 6, € represent in an undetermined or arbitrary order the 
five suffixes 1, 2, 3, 4, 5, by which the values of x may be distin- 
guished. This system is evolved from 

w+ pe +posit+iutiv 
by substituting 7”, 73, 74 and @ (or 1) for. ‘The right of the 
last equation is derived from the third form of art. 4 by changing 
7? into i, ¢ into v, and v into ¢. All these changes are permissible, 
for j may be any fifth root of unity, and ¢, v and w are as yet 
wholly undetermined. 
7. By combining any four of the equations (a) we can elimi- 

nate t,wandv. Replacing 27+ Py®_+ Po by Ys We thus arrive at 


HaYot py by Yy + Mays + MeYe=O, 
where yw are functions of 7 which have no common factor differ- 
ent from 1, and are such that one of them must admit of beimg 
equated to zero. 
8. These functions admit of five differently derived sets of 
values, deducible from equations which may be represented by 


“oaY at "a ¥p + -- +e y=, 
*HaYat "aya t + +7 deye=9, 


(a) 


“HaYat Mayet - + °Meye=9, 
and all of which belong to the same system. 
2B2 
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9. Since B,(=C,==.y) must be equated to zero, we have 
Sa*+ p22 +5p.=0; 
again, 
@ +P lr+py=Yr3 
and, eliminating po, there results 
Yyr=a7>—1 Za? + (w77—f22)p, ; 
consequently, any one of the five equations of art. 8 will enable 
us to express p, as a rational function of the roots of the equa- 
tion in 2. 


10. Add =O=A(yet+YetYy+Yst Ye) 


to 
D=HaYa+ Mayet MyYy + Mest MeYor 
divide the sum by w,+A, and designate = by vr; then 


be 4% =YatVeypt Vy Yy + VsystVeYe 


Now, in order that ® may be different from u,2y, % must 
admit of being determined so as to make one at least of the y’s 
vanish without any of the others becoming infinite. 


First, let y.=0; 
then, expressing y in terms of ¢, u and »v, there will arise 
=N,¢+N,u+N,2, 

Ba Ke 

where 
N,=1+ivg +2°v,+ rg, 
Ny =1+i4vg+ Pv, +775, 
N, =1+ Vp + ity, =F Vs 3 

and if 


IN =0;, NL = 0. NG=0; 


the expression for will in vanishing introduce no relation 


among /, u and v. 

The last three equations will be satisfied provided 

Va=1+?, v,=—i—? and y= —2. 

Whenever it is necessary to distinguish this from the other 
corresponding sets of equations, I change v into 1». 

Secondly, let 

vs=0. 

We need not retrace our steps. The change of 7 into 2* produces 
the same effect on the system (a) as the substitution of y, ¢, 8,6 
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for 8, y, 5, € respectively ; so that if the change be made on the 
right and the substitutions on the left of the equations invol- 
ving v (7. e. 'v), those equations will still be satisfied. Hence 
we may write 

*y,=1+4, *¥=—?—i, %=—i and %=0. 

Tn thus passing from 'y to ?v we have altered the order of the 
equations (a) without otherwise affecting them. In the new 
order, however, 2? fills the place which ¢ held in the old. 

Thirdly, let 


v,=0. 
The change, in (a), of 7 into 2? is equivalent to the substitution 
of 5, B, ¢, y for 8, y, 6, e respectively. Hence, proceeding as in 
the second case, we may write 
8y,=1+%, %y,=—8—i', °y,=—7 and 5v,=0. 
Fourthly, let vs=0. 


Change 7 into 74, and §, y, 5, € into e¢, 5, y, 8 respectively, and 
proceed in other respects as in the second and third cases. We 
may write 

4y=148, Yy=—t—?, 4y,=—7 and 4¥g=0. 


Lastly, let A= —,, then 


Pe Ma 
5y being connected with 1v by the equation 


=Y_+*vg¥at Vy Yy + VsYos 


°ve=1— yy. 
All the values obtained are finite. 
11. Hence, the five equations 


Yat (1 +2) yp— (i+) y,—Pys= 0, 
Ya— typ + (L+H )y,— (+) y=, 
Ya—(P+%4)ygt+ (1 +i)ys—tty=0,$ . . « (db) 
Ya—VYy— (P+0)ys+ (1 oy *°)y.=0, 
Ye—VYp— (? + “yy ‘F (1 7 ®)ys=0, 
cannot, so long as the system (a) remains unaltered, conduct to 
more than one value of p,, or, as we may designate it, P. 
Szcrion II. 
12. The substitution in Y of ¥,, Yg, yy, &e. for Yay Yo, Yos Ke. 


respectively is expressed by ¥(774"% , . ) or, more simply, by 
YaYpyy 
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art “a When the affix of substitution is of the form 
a 


ae it is replaced by ‘ee? which indicates an interchange or 


transposition of the elements a and 6. From the nature of an 


interchange we have 
Y (#2) =¥("") 


18. I premise the following known results of the theory of 
substitutions :— 

I. The repetition of an interchange restores the function to 
its original state. Consequently 


¥(")(")=¥(") sy. 


II. Let A,, A, and A, denote any three forms or states which 
the elements are capable of assuming from changes of arrange- 


The substitutions on the left are called contiguous. 

III. A limited number of repetitions of any substitution 
brings us back to the original function. This number (the 
degree of the substitution) cannot exceed the number of elements 
or suffixes contained in the affix when reduced to its most simple 
form. . 

IV. Every substitution of the nth degree may be represented 
by a substitution of the (n—1)th degree followed by an inter- 
change. And any substitution among n quantities may be repre- 
sented by, at most, n—1 interchanges. This is demonstrated 
by the introduction of contiguous substitutions. For example, 


oa)= (ae) be a Ce (“) 

abe red bead re ahd bea] \:: 7? 
abc\ _,-fabe ae) Lay) fo 

4 rn rH ed Tb HV.) (ee), 


we (eet) (2) (9) (2 


V. It is indifferent in what order independent interchanges 
are taken. Thus 


a Gs Ved =¥(*)(*). est Ue 


and 
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VI. Dependent interchanges are subject to the relations 


=X) =) (*)- 


VII. We can operate with the first and second of any three 
interchanges as if the third did not exist, and in operating with 
the second and third we may neglect the first. 

14. Using the affix / to feanee either of the equivalent sub- 
stitutions 


(2)(2)(08), (2) (2) (2). 


we find, Y being suppressed for a moment, 
P= ey (") = (eaeya 
dcba 
Hee 28 (n (“) agg. a 
p=(™ | se =e. = cadb bd 


15. Writing out the equations 


Y=$(4, b, o, d=, 
Yi=$(d, a, =, 
YP= (ce, a, d, b)=¢s,, 
Y?P=G(d, c, b, a) =o, 


and remembering that 
ae (igh 
we see that, if @ be a symmetric function of ¢,, ¢., ds and dy 
6261=0PR=OF: 
16. Let 2, » and v be any affixes of substitution. Then 
either of the equations 
Zu=Zyv and Zurx=Zvr 


is a consequence of the other, whatever Z may be. 
17. By the aid of this proposition and of art. 13 we obtain, 
from 0= 01, 


a) oC"), (2) ("2-0") 
a) (et) =o). of) (2) a") 


eae 8) =a, 0) 22) m0) 
o()()=a(e, of) () =o") 
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And, importing into these results the relations of VI. (art. 13), 
we find that, of the thirty binary interchanges which can be ap- 
plied to 0, twenty-four are reducible to single interchanges. 

18. Of the remaining six binary interchanges four are simi- 
larly reducible. For from @=@/ we obtain 


a() (st) =0('4), 0(%*)("4) =0('), 


and the interchanges on the left, beimg independent, may be 
transposed. 

19. Lastly, /? does not affect 0. 

20. Hence the binary, and of course the higher, interchanges 
produce no other effect on @ than the single ones; so that by 
single interchanges we can evolve all the values of which @ is 
susceptible. 

21. Those values are six only, viz. 


a, 0%), o(%2), (24), 0(%4), o(2), 


= 61? gives 6(“") =a?) 
22. Consequently 6 depends upon an equation of the sixth 
degree, the coefficients of which are symmetric functions of a, 6, 
e and d. 


Scuorium. The proposition of art. 16 cannot be applied to 
the equations 


for 


Zrp=Zryv and Zu=Zy, 
neither of which is a necessary consequence of the other. 


Szcrion III. 
23. Designating the equations (b) in the order in which they 


occur by 
&=0, &=0, ¢=0, &=0 and ¢,=0, 


and omitting the suffix of &, let us, for convenience, make 
£=C=7,+ bygt cy, + dys. 


Assume 
C=Yyat (b+ E)yat (c+bE+ &)y, 
- an 
o"=ye+ (6+&)y,+ (c+b&+ &)yz, 
then 


C=O —E0" + (4 + cE +d)ys 
identically, and £ is indeterminate. Hence, if 
£4 b&?+cE+d=0, 
we have o=0'— £6", 
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where ¢! and ¢" are functions of the same form. Similar trans- 
formations exist for G, &c. 
24. Restoring the values of 4, ¢ and d, we find that the roots of 


24 (1+) (14 P)E-P=0 
are i, 2 and 7 (excluding 72), and consequently that takes the 


three forms 
ie", B,—Pe"s, read SW 
corresponding to the roots 2, 7° and #4 respectively. On making 
the proper substitutions for € we find 
Gh=ya— (PHA yet Pyy, SCh=ye—(P +B )yy + PYs, 
Cs=yatyy—(itt)yp,  o"s=yetys—(+**)y,, 
.=y.— (2 Fi ®)yp mF Hy, O"=Ya— (2 5% yy oe Ys. 
25. It will repay us to rest for a moment in order to ascertain 
the effect of supposing ¢! and ¢" to vanish separately. We shall 
at once verify our results and illustrate their nature. 


(a) Let ¢', and &", be zero. We find, on expressing y in terms 
of ¢, u and v, 


¢!, =(2—7?—23)u=0, 
¢!, = (24—i—2)u=0, 
equations which can only be satisfied by supposing w to vanish. 
In this case therefore the quintic in y is of the solvable form of 
Euler. 
(b) Let ¢', and &"; vanish. We are led to 


1, =(1—i-—#8 + 4)v=0, 
C= (?—-PF—1+72)v=0, 
and, consequently, to the solvable form of De Moivre. 
(c) Let ¢', and &", vanish. Then 
7, =(1-—?-#+2)t=0, 
¢!, = (i-B-1+7)t=0, 
and we are reconducted to the quintic of Euler. 


(d) On eliminating y. and y; from =.y? by means of B,=0 
and ¢=0 respectively, we find 


and from (a) and (c) we obtain 
O01 = oN, C= 5(1 +a) lu. 
Hence, combining these relations and reducing, 
5iu=4iz.y?= —B,. 
This property, in the discussion of Euler’s quintic, enables us 
immediately to depress its final equation to the twelfth degree. 
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(e) In the equation 


w™N, — Be = 0, 
make m=2 and m=1 successively. Then we find 
Vg=Py;—(P8 +424), vy=—(t+2?)y+2, 


and 
c= ae + BO" Ws, 

vs being arbitrary. Let uw vanish; & &', ‘and €", vanish also. 
And, in the Eulerian form (a), v; remains undetermined. (Com- 

are Jerrard, Joc. cit. p. 549.) 

(f) If Ladd that each form of ¢’—£&" gives 
€=0¢+0u+0v=0, 

and that ¢', and £" are, respectively, the fz and f, of Mr, Jer- 
rard (vide loc. cit. pp. 552 and 557), our results, general and 
particular, are seen to be confirmed. 


Section LV. 
26. On making 
o~ = % See —(t+ Por. 
s=(14+1g,, I=—HP% and I= —i%,, 
we obtain 
$9 =y, + by, + cy, +dy;=0, } 
3% =y. + bya + cya + dy,=0, 
$” =y; + by. +cy,+ dyg=0, Fee eae (c) 
S =y, + bys + eye t+ dy,=0s 
8° = y+ by, + cys + dy.=0, 7 
and (b) is superseded by a system in which the cycle «, 8, y, 8, e 
runs through all its phases. These five equations, like those 
from which they are derived, are, saye in form, identical with 
each other. 

27. Since the number of different cyclical arrangements of 
five quantities is twenty-four, we may, by properly permuting 
the roots in (a), construct twenty-four essentially different systems 
corresponding to (c). 

28. It is not necessary actually to exhibit the twenty-three 
remaining systems, but each of them possesses the properties 
which we have proved to belong to (c), and conducts to one, and 
only one, value of P. And, as these systems exhaust the modes 
in which ® can be made to vanish, the number of values of P 
cannot exceed twenty-four. 

29. Using k, 1, m, n, r to represent the suffixes «, 8, y, 5, € 
in an arbitrary order, make 

SO y+ bY y, + CY, + dy, =O, 
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and conceive the four suffixes /, m,n and r to be permuted in 
every possible way. ach of the twenty-four equations, 


$,"=0, 3,=0,... 3,0, 
thus obtained affords a different value of P, for no two permuta- 
tions of four quantities can belong to the same quinary sequence. 

30. The expressions evolved by permuting a, , ¢ and d in 

ay, +by,, +cey, + dy, 

are the same as those deduced by permuting y, y,,, y, and y, 
respectively. If, therefore, recurring to arts. 15 et seg., we make 

ay, + by, + cy, + dy,= (a, b, ¢, d) 
and 0=¢, x $2 $3 X hy 
we shall be conducted to an equation of the sixth degree which 
may be represented by 

64D),0+D,4+...+D.=90, 

and in which D are symmetric functions of a, 4, ¢ and d, and, 
consequently, of the four roots ¥, Y,,» ¥, andy, 

31. Now, assuming a=1 and so identifying ¢ with 3, it is 
easy to express D as symmetric functions of all the roots. For, 
since no two permutations of four quantities can belong to the 
same cycle of five, each and all of the expressions 

9, 9: 3 5, 3 
indifferently, can be made to furnish the twenty-four values of P. 
Let us adopt them in succession. We find, D denoting any one 
of the coefficients of the sextic in 0, 


D=(a, b, Cc; d)=(/, m, nN, r) 
= (m,n, 7, k)=..=W(k, l,m, n), 


5D=>.wW(k, J, m, n). 
Consequently, since yy is symmetric with respect to four roots, 
D is a symmetric function of all the five roots y,, yy. , in other 
words, of ¥,5 Yas ++ Yq 


and, therefore, 


Szcrion V. 
82. Making 
B.(efy)=y,+ (b+ Ely, + (c+ 58+ By, 
where & is any root of 
P+ (lt )PaG+P)E-P x0, 
and bearing in mind that 


Fm) = Feet (2)(“)(2), 


we may recapitulate our principal results as follows :— 
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A. There is a criterion of solvability of a quintic which can be 
put under the form 


Fe(ety) —EF:(of)(2)(“) (2) =0. 


B. The pair of equations 
eg (eh 
Felef)=0, Palefo(2)(')(4)=0 
conducts us to De Moivre’s form, 7. e. to 
B,=0, B,—2532=0. 
C. Hither of the pairs 


Fle) =0, Fety)(2)(“)(2) <0, 
* Fully) =0, Fylefy)(2) (\(@)=0 


leads to Euler’s form, 2. e. to 
B,=0, 5B,4—5°B,3-+5°B,B,B,=0. 
D. The general equation of A leads to a resultant in which P 


enters to twenty-four dimensions. 
K. The functions F;; satisfying the equation 


Fale) =F sof) (2), 


the general relation of A takes the form 


Fa(ofy) Pala) (“)(2). 


Consequently, the interchanges being independent, the factors 
of the general resultant occur in pairs, which we may represent by 


Fs = PFs, F's = PFs, or F a7 BG, G = PF, 


F. The decomposition of the general resultant of the twenty- 
fourth degree into biquadratic factors depends upon an equation 
of the sixth degree. 

33. Judging from the analogies afforded by Mr. Jerrard’s 
discussion of De Moivre’s form, we shall, prior to inquiring into 
the possibility of solving this equation of the sixth degree, have 
to take into consideration the forms of the functions denoted by 
t,uandv. Into this somewhat laborious and complicated in- 
quiry I am not at present prepared to enter, and it may well 
form the subject of a separate investigation. 


76 Cambridge Terrace, Hyde Park, 
February 24, 1857. 
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LI. On the Chemical Composition of the Silurian and Cambrian 
Limestones. By Davin Fores, F.G.S., A.D.C.E* 


UR information as to the chemical composition of the lower 

stratified rocks, particularly of England, is so imperfect 

that it is uncertain whether even a single analysis is recorded. 

It seemed therefore desirable that this deficiency should be sup- 

plied ; and the more particularly, as it is of geological import- 

ance to know whether these rocks differed from, or were analo- 
gous to, their higher equivalents in chemical composition. 

The analyses of limestones here brought forward are intended 
to form part of a series of analyses of the various lower rocks ; 
but as from uncontrollable circumstances some time is likely to 
elapse before this investigation can be pursued farther, it is con- 
sidered best to communicate the results hitherto obtained. 

The mode of analysis adopted was as follows, subject to some 
slight variations in particular cases: —A known weight was de- 
composed by hydrochloric acid in a previously tared carbonic 
acid apparatus, and the loss estimated as carbonic acid; the in- 
soluble matter filtered from the solution was dried at 300° F., 
weighed, and then ignited to a red heat and reweighed ; the last 
weight was considered as insoluble matter, and the difference of 
the two weights as organic matter. 

The filtrate was boiled with a little nitric acid and precipitated 
by ammonia, which threw down the sesquioxide of iron, alumina, 
and any phosphoric acid present in the limestone ; this was col- 
lected, ignited and weighed, and then dissolved in hydrochloric 
acid and molybdate of ammonia with excess of mtric acid added : 
the characteristic yellow phosphomolybdate of ammonia precipi- 
tated was, after standing some time, filtered off, washed with 
dilute nitric acid, dissolved off the filter by ammonia, and preci- 
pitated by a magnesian salt as usual. 

The amount of phosphoric acid deducted from that of the 
precipitate gave the quantity of iron and alumina present, which 
were not separated. Some part of the iron was evidently pre- 
sent as protoxide, which makes a slight error in the amounts 
given in the tabulated analyses. 

The lime was precipitated as oxalate, and determined as usual 
with the precaution of reheating with some carbonate of ammonia. 
In one case the lime contained some manganese, which was sepa- 
rated by weak acetic acid and determined. 

The magnesia was precipitated from the solution, from which 
the oxalate of lime had been filtered, by phosphate of soda and 
ammonia and determined as usual. 

In one case the lime was determined as sulphate instead of 


* Communicated by the Author. 
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carbonate, and in two cases the amount of water present in the 
limestone was determined by heating a known weight to 300° F. 
and considering the loss sustained as water. 


1. Upper Silurian.—Wenlock limestone, Dudley ; very fossili- 
ferous. ‘The most crystalline part, free from fossils, chosen for 
analysis. Specific gravity 2°70 at 60° F. 

26-08 ers. were employed for analysis, and furnished—in- 
soluble matter, 1°35 gr.; alumina, sesquioxide of iron and phos- 
phorie acid, 0°72; phosphate of magnesia from phosphoric acid 
determination, 0°195; ditto from magnesia determination, 0°73 ; 
sulphate of lime, 31°95. 

The analysis will therefore stand as follows :— 


Carbonate of lime . . : . . 90:09 
Carbonate of magnesia. . . . 1:26 
Alumina and sesquioxide of iron. 2°30 
PROSDIONIG HCIG. a qs cote wie ae eR 
S16) 1 Pa OF Wet gl 


99°24 
Water, organic matter, and loss . ‘76 


10000 


The insoluble matter appeared to be nothing more than Wen- 
lock shale entangled in the limestone. 

As this limestone is very largely employed in Staffordshire in 
the blast-furnaces for smelting iron, the amount of phosphoric 
acid here present is most important in a metallurgical point of 
view, and of course highly injurious to the quality of the iron 
produced. 


2. Lower Silurian.—Bala limestone*, Ysputty Evan, North 
Wales. 

The specimen analysed did not contain any fossils, and was 
extremely impure; it could hardly be termed a true limestone, 
being rather a shale interlaminated with irregular depositions of 
calcareous matter, crystalline in texture. On dissolving in acids, 
the insoluble residue was argillaceous, as might be expected. 

50°18 grs. gave 26:23 insoluble, and 0°37 organic matter ; 
2°43 sesquioxide of iron and alumina with phosphoric acid ; 
0:12 phosphate of magnesia from phosphoric acid determination, 
and 1:34 from the magnesia present; and the mean of two de- 
terminations gave 19°84 carbonate of lime. 48°31 grs., heated 
to 800° F., lost 0°26 estimated as water. 

The analysis when tabulated stands as follows :— 

* T have here to thank Mr. Salter and Mr. Bristow of the Ordnance Geo- 


logical Survey, for their kindness in furnishing me with a number of spe- 
cimens of limestone from various localities for the purpose of analysis. 
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Carbonate of lime . . . . . 39°54 
Carbonate of magnesia. . . 1°85 
Sesquioxide of iron and alumina, 4°68 
Phosphoric acid... 7. ste. OD 
Ormamie matter’. ss) een ee 
ieamapie ss ee se ot 


Wiatersuu totes daa & ceils SOO 
99:76 
AfORS ree Seay eee et Ps te Pao 
100-00 


8. Lower Silurian.—Bala limestone, Rhiwlas, Wales. The 
specimen was fossiliferous and very impure, being more strictly 
an indurated marl than a limestone. The carbonate of lime 
present appeared to be disseminated through the mass as crystal- 
line particles. 

The residue, after dissolving in acids, appeared to be a clay. 
The specific gravity was found to be 2°78 at 60° F. 

28-84 gers. were examined, and yielded 5:66 grs. carbonic acid 
as loss; 21:08 insoluble, and 0°94 organic matter; 0°39 sesqui- 
oxide of iron and alumina with phosphoric acid ; 0:06 phosphate 
of magnesia from phosphoric acid determination, and 0°53 gr. 
from the estimation of magnesia. 

The analysis when tabulated will be— 


Carbonate oflime . . . . « 19°51 
Carbonate of magnesia. . . . 1:04 
Sesquioxide of iron and alumina. = 1°21 
Phosphoric acid. . . . . . O14 
Organic matter. « . 1 « « 8:60 
LES STL 1) Se ne eae mer mnra f 5) Io: 


98:53 
Water and loss’. % =. sk.) C47 


100-00 


4. Lower Silurian.—Limestone from Dinover Park near 
Llandeilo. Specimen very fossiliferous, containmg abundance of 
Ogygia Buchit; it had a compact appearance, and dark bluish- 
gray colour. The specific gravity was 2°70 at 60° F. 

The analysis was executed upon 23°07 grs., and gave carbonic 
acid, 18°57 grs.; insoluble, 4°12; organic matter, 0°13; sesqui- 
oxide of iron and alumina with phosphoric acid, 0°32; phosphate 
of magnesia from phosphoric acid determination, 0°21; ditto 
from determination of magnesia, 0°30. 

These results afford the following per-centage composition :— 
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Carbonate oflime . . . . . 79°97 
Carbonate of magnesia. . . - 0°52 
Sesquioxide of iron and alumina. 0°82 
Phosphoric acid. . . .°. . 0°56 
Oregnie matter“)... es ee 
PASGIG ey wie es ayy) c PeN eee 

100°28 

5. Cambrian.—Limestone from Church Stretton, Longmynd. 

In a cursory examination of this district last winter, I found 
a thin bed of limestone probably from 4 to 6 inches in thickness, 
rather irregular, and occurring imbedded in the brownish-gray 
clay-slates immediately in the village of Church Stretton. Owing 
to the weather and untoward circumstances it was but very su- 
perficially examined. 

This limestone is not marked upon the Ordnance Geological 
Survey Sections of this district (Nos. 34 and 36), nor on the 
Map (61 S.W.), and, as far as I am aware, has not previously 
been noticed. Itis of a bluish-gray colour, compact, and slightly 
crystalline ; in parts it is often very pure, frequently much more 
so than the specimen analysed. 

This limestone must probably be at present considered as the 
lowest known limestone whose geological position can be cor- 
rectly determined ; and by comparison with the Ordnance Geo- 
logical Survey Section (No. 36), it must be situated more than 
23,000 feet below the base of the Llandeilo or Bala beds. No 
traces of fossils were observed ; but when dissolved in acids, the 
piece analysed left a siliceous cast, very similar to what might be 
expected when dissolving a coralline limestone where the inter- 
stices of the coral had subsequently been filled up by siliceous 
matter. 

The specific gravity was found to be 2°33 at 60° F. The quan- 
tity operated upon was 23°61 grs., which afforded 6°37 insoluble 
skeleton, 0°08 organic matter, 2°14 sesquioxide of iron and alu- 
mina with phosphoric acid, 0°20 phosphate of magnesia from 
estimating the phosphoric acid, and 0°39 ditto from the magnesia 
present ; also 14°90 carbonate of lime. 

The analysis when tabulated will stand as follows :— 


Carbonate of lime . . . . . 63°10 
Carbonate of magnesia. . . . 0°80 
Sesquioxide of iron and alumina. 8°51 
Phosphoricacid. . . . « » 0°55 
Organic matter. . . . . - 0°33 
Tnsoluble ..::ms'>t) «teat & B696 
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6. Cambrian. — Limestone from Craigmuir near Inverary, 
Metamorphic and not fossiliferous; specimen from a series of 
alternating beds of from 6 inches to several feet thickness of 
limestone with clay-shales, and resting upon clay-slates. They 
have an E. and W. strike, with dip of 30° to N., and are continuous 
for many miles. 

This limestone is beautifully foliated by plates of silvery mica, 
which separates in large quantities when the limestone is dis- 
solved in acids. The foliation appears to be perfectly parallel to 
the plane of bedding of the rocks. 

The limestone is compact, but not hard, and is of a grayish 
colour, splitting easily along the planes of foliation, and the sur- 
faces thus exposed being covered by a beautiful white mica. 

The specific gravity was found to be 2°72 at 60° F. 29-22 
grs. were analysed and yielded 9°41 carbonic acid, 7-08 insoluble, 
residue chiefly mica, 0:06 organic matter, 0°47 sesquioxide of iron 
and alumina, 0°20 gr. phosphate of magnesia from the phosphoric 
acid, and 0:05 ditto from the magnesia determination. 

These results afford the following per-centage composition :— 


Carbonate of lime . . . . . 73:34 
Carbonate of magnesia. . . . 0:28 
Sesquioxide of iron and alumina. 1:16 
Puosphorie acid oo. oc ay Oraeh 
Organic matter’. ) 5). 5)‘. 081 
PREOMBIE™. Sh tee eo -\ca ths, 1 e4cOS 


Water-and Joss... -.- 6 -s -w- -O54 
100-00 

7. White limestone forming veins and irregular masses in the 
hornblende schist at Kragerod, Norway, and having a peculiar 
shell-hke laminar structure. 

The hornblende schist in which this limestone occurs contains 
numerous veins of phosphate of lime; and this limestone was 
analysed under the supposition, that, as it had apparently been 
formed by the deposition from water filtering through the sur- 
rounding strata, it would contain a large amount of phosphoric 
acid, which, however, was not found to bethe case. The specific 
gravity was found to be 2-69 at 60° F. 

On analysis, 46-94 grs. yielded 4°24 insoluble, 0-36 organic 
matter, 0°13 alumina, with phosphoric acid and trace of iron, 
41°89 carbonate of lime, 0°07 oxide of manganese, and 0:16 er. 
phosphate of magnesia from the phosphoric acid determination. 

54°73 grs. examined for magnesia afforded 0:14 gr. phosphate - 
of magnesia, and 50:17 grs., dried at 300° F., yielded 0-11 
water as loss, 
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The analysis will therefore stand as follows — 


Carbonate of lime . . . . . 89:24 
Carbonate of magnesia. . . . 0°19 
Carbonate of manganese . . . 0°19 
Alumina (trace of iron) . . . 0°07 
Phosphoric acid. . . . . . . OF] 
Q@rganic matter. 9. 1 se. |) ONT 
TSC EHR, oe eee Ee oie wenmesne eee 
BV abeR ee ee de fat lets fone te ee 


99°18 
For the sake of comparison it may now be of interest to tabu- 
late the whole of the results of the preceding analyses. 


Upper Lower Silurian. Cambrian. 
Silurieny|— a eee ee BDA ah 
Ysputty py: Dinover,| Long- | Inye- | Kra- 
Dudley. Epa Bbiwiley Handele. ae a bite. 
Carbonate of lime .........| 90°09} 39:54 | 19°51| 79°97-| 68:10| 73°34 | 89-24 
Carbonate of magnesia ...| 1:26} 1:85) 1:04) 0:52] 0:30 0-28] O19 
Carbonate of manganese...| ...00. | seer | caveee | ceenee | seenee | ceceee 0:19 


Alumina and sesquioxide |! 9.39) 4.68| 1:21] 082| S51! 1-16] 0-07 
OLMEON) «seas specaue neds 


Phosphoric acid .......++-+ 046} O16) O14) O56 | 055) 0-44) 0-21 
Wris@lule’.c:-cocedegenasesas se 5°13| 52°27) 73:13} 17-85 | 26:98} 24:03] 8-29 
Organic matter ............| ] sss 0-73| 3:50} 056] 0:33} 0:21} 0-77 
Waterss cxctxesavsenessaesso30 0:76| 0°53 1-47 0-54 {0.33 
Loss in analysis ....2.....0.] J sereee 0-7: NY ioe i dE 3 0-82 


100-00 |100-00 |100-00| 100:28 |100-27 |100:00 |100-00 


In comparing the above limestones, in respect to their che- 
mical composition, with those of the later formations, there seems 
to be but little difference, if we except that the older limestones 
are generally more impure and, considered as rock masses, seldom 
contain so large an amount of carbonate of lime as the limestones 
of the later formations. 

With regard to their respective amounts of phosphoric acid, 
the now fossiliferous limestones from Church Stretton and Inve- 
rary, as well as the Llandeilo limestone, contain fully as much 
phosphoric acid as the subsequent limestones; and if we take 
into consideration the respective amounts of carbonate of lime, 
the same may be said of the Bala limestones. 

That the phosphoric acid present in these limestones has been 
derived from organic remains seems the more probable, from our 
not finding phosphoric acid in those varieties of carbonate of lime 
crystallized from solution; and amongst all the numerous ana- 
lyses of cale-spar published, I do not find phosphoric acid men- 
tioned as occurring; in order, however, to satisfy myself that 
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this element had not been overlooked by chemists, I examined 
carefully specimens of Iceland spar, arragonite, and calc-spar 
from Derbyshire and Durham, by the same method as that em- 
ployed in the above analyses of the limestones, but in no case did 
I find any trace of phosphoric acid. 

In the specimen of limestone from Krageroe, which, from its 
occurrence, seems probably to have been deposited from water 
holding lime in solution, the amount of phosphoric acid present 
is accounted for by the immediately surrounding rocks containing 
phosphate of lime ; but even in this the amount is less than might 
be expected, and much below the per-centage in the stratified 
limestones. 

In a single specimen of calce-spar from Naeskiil, near Arendal, 
did I find a trace of phosphoric acid, but too small to be easily 
determined ; in this case, however, the cale-spar lined fissures in 
granite which contained crystallized apatite. 

The cale-sinter deposited from the Carlsbad springs was found 
by Berzelius to contain a small amount of phosphoric acid, but 
as these springs break through granite, it is possible that the 
phosphoric acid present in the sinter may arise from a similar 
cause. 

The results of these analyses, therefore, seem if anything to 
strengthen the view that all stratified limestones are the result 
of the development of organic life. It must, however, be remem- 
bered that under the term stratified limestone, are not included 
the irregular deposits of travertine, calc-smter, &c., which 
obviously are thrown down from springs surcharged with car- 
bonate of lime. 

That beds of limestone become less and less numerous as we 
descend in the geological scale, is easily accounted for, even with- 
out taking into consideration the comparatively small develop- 
ment of organic life during those early epochs. Whatever view be 
taken of the origin of limestones, it cannot but be admitted that 
the lime which constituted them must have been originally in a 
state of solution, and chemical reasons may be adduced for 
assuming that in the earlier geological periods a but scanty 
supply of lime in a soluble state was present. 

The oldest granitic rocks contained but a very small amount 
of lime, and even that amount was in a state of chemical com- 
bination not calculated for easy decomposition, consequently the 
debris of such rocks afforded but little lime in a soluble state. 

When, however, the subsequent and more basic class of rocks 
made their appearance as traps, porphyries, diorites,some syenites, 
&c., we find a supply of soluble lime provided for the develop- 
ment of life and limestones. These rocks not only contained 
much more lime than the granites, but were themselves much 
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more easily decomposable compounds, and admirably fitted for 
yielding up lime to the action of water and carbonic acid. 

Under the impression that the occurrence of magnesia in 
limestones first commenced during the Devonian period, Kjerulf 
has recently made use of this view as a means for determining 
the position of stata, which, not being fossiliferous, do not afford 
palzontological evidence of their geological position. The 
desirability of such a means of classification is obvious, but its 
correctness must be questioned. 

The analyses here brought forward certainly show but very 
little magnesia; but I have found that two limestones imbedded 
in the metamorphic schists west of Krageroe, in Norway, are true 
dolomites, and from their position must be Cambrian. Sheerer 
has also noticed the occurrence of much carbonate of magnesia 
in the metamorphic rocks near Snarum in Norway; and dolo- 
mites occur in the Silurian rocks of Livonia, Esthland and 
Kurland; and I have reason for supposing that some of the 
rocks which, from the occurrence of dolomites in them, are 
classed by Kjerulf as Devonian, may possibly prove to be 
Cambrian. 

We must also remember that the presence of magnesia is not 
necessarily connected with the magnesian limestone formation ; 
as we know that mountain limestone in some parts of Leicester- 
shire, Derbyshire, Yorkshire and Northumberland is highly 
magnesian ; on the other hand also, many beds of the magnesian 
limestone series do not contain more than a trace of magnesia, 
although in the midst of dolomites. . 

The two following analyses, by Liebe, of German limestones 
prove this :— 


Thieschiitz. Schwara. 
Carbonate of lime . . 86:09 93°45 
Carbonate of magnesia . 0°73 0:69 
Carbonate ofiron . . pe 1:07 
Insoluble? a4 os) ~ .« 21:96 3:21 
Water? 5 tees OZ eve 
OS Le a Re Wee Ge 1:58 


100-00 100-00 


Both of these were alternating with true dolomites. 

On the whole, the evidence brought forward with reference to 
the occurrence of magnesia in limestones seems to favour the 
view that its presence is due to subsequent alteration, probably 
by infiltration, as may be proved in many cases. If so, we may 
expect magnesian limestones to be of all ages. 

How far organic life is capable of assimilating magnesia in 
place of lime is not sufficiently investigated, but the presumption 
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is, that an excess of magnesia is hurtful to vegetable life, and 
we find but little magnesia present either in fossil or recent 
organisms. 

We know, however, that some plants, in which potash is one 
of the principal inorganic constituents, may, when potash fails, 
and soda is present or supplied as a manure, take up that alkali 
which otherwise is not assimilated by them to any degree; im 
like manner it may be possible that corals living in water 
containing both lime and magnesia may, after having exhausted 
all the lime, supply the deficiency by magnesia. 
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(THE following communications were read :— 
“On the Geometrical Isomorphism of Crystals.” By Henry 
James Brooke, Esq., F.R.S., Hon. M.C.P.S. &c. 

The author commences by remarking that all the crystals at pre- 
sent known have been divided into the six following groups or 
systems :—the cubic, pyramidal, rhombohedral, prismatic, oblique, 
anorthic. 

He then states that he has constructed tables which accompany 
this paper of the minerals comprised in each of these systems, except 
the cubic, in a manner new, as he believes, to crystallography ; and 
that the unexpected facts exhibited by the tables present that science 
under a new aspect. 

The author explains briefly the language and notation he employs 
in discussing the results of the new tables. 

It appears that the crystals in each system, except the cubic, are 
distinguished from each other by what are termed their elementary 
angles, that is by angles between particular faces of what may be 
termed elementary forms. 

It is next observed that there is not in crystals any natural cha- 
racter which indicates an elementary or primary form, and it is 
shown that cleavage which Hauy regarded as such an indication, is 
only a physical character depending upon the degree of force with 
which the crystalline particles cohere at the surfaces of particular 
faces. 

The question of high indices is also considered with reference to 
their influence on the choice of an elementary or primary form, and 
a general explanation is given of the nature of such indices. 

The author then states that the most important of the facts pre- 
sented by these tables, are the horizontal ranges of nearly equal 
angles, as shown in each system, and the general disagreement in 
the symbols hitherto assigned to the faces which make with some 
other face those nearly agreeing angles. 
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With regard to these facts he observes that no difference of opinion 
can arise, unless the sources from which they have been derived are 
incorrect ; but that differences of opinion may be entertained rela- 
tive to the interpretation of them. 

The interpretation to which the author inclines is, that the near 
agreement in angle between two corresponding faces is not simply 
accidental, but that it is the effect of some natural relation not 
hitherto noticed, among all the crystals in each respective system ; 
and hence, that where the angles between particular faces nearly 
agree, there ought to be a corresponding agreement in the forms of 
their symbols. 

With this view of the subject in his mind, it occurred to the 
author that there might be a similar agreement among the whole of 
the elementary angles in each system, and an examination of the 
crystals in the pyramidal and rhombohedral systems to ascertain 
how far this conjecture might be well-founded, has shown that a 
geometrical isomorphism does exist throughout each of these systems, 
and that similar relations may therefore be imagined to exist in the 
other systems. 

The author has also suggested that the oblique and anorthic 
systems are only hemihedral and tetartohedral varieties of prismatic 
crystals. 


««On some Compounds of Ethylene.” By H. L. Buff. 

Among the hydrocarbons which are capable of replacing hydro- 
gen, the radicals of the general formula Cp Hin+1), 2. e. the homo- 
logues of ethyle, are best examined. There is another class of hydro- 
carbons which may be represented by the general formula C, H(-1). 
The only well-known term of this series is the radical allyle, C, H,, to 
which the attention of chemists has been especially called of late by 
the researches of Messrs. Hofmann and Cahours on allylic alcohol. 
These researches have established the most perfect parallelism be- 
tween the two classes of radicals and their derivatives. Both the 
radicals Cy Hin+1) and Cn H—1) are monatomic, i.e. molecules capable 
of replacing 1 equiv. of hydrogen. 

These two classes stand in the closest relation to each other, and 
it is by no means improbable that one class may pass over into the 
other, for instance, that the radical propyle C,; H,, or a propyle-com- 
pound, may be converted into allyle or an allyle-compound. 

There exist a third series of hydrocarbons, which, again, both by 
composition and origin, are closely allied to the former two. They 
are represented by the general formula C,,H,; and methylene, C,H, 
ethylene, C, H,, and propylene, C; H,, are well-known terms belonging 
to this series. These hydrocarbons are also radicals; they differ, 
however, in their nature essentially from those of the former groups, 
inasmuch as they are diatomic molecules, 7. e. molecules capable of 
replacing 2 equivs. of hydrogen. 

There exist parallel with these three series of radicals which form 
alcohols, three other groups of radicals, which in acids play exactly 
the same part that in the alcohols is assigned to the hydrocarbons. 
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These acid-forming radicals contain, in addition to carbon and hy- 
drogen, oxygen and other elements belonging to the oxygen group. 
They are closely connected with the radicals of the alcohols, and 
this close connexion is particularly well established between the first 
series of alcohol-forming radicals and the corresponding series of acid- 
forming radicals. 

Methyle, C, H, —2H.4+20=Formyle, C, HO, 

Ethyle, C,H,—2H+20=Acetyle, C, H, O, 

Propyle, C; H,—2H+20=Propionyle, C, H, O,. 


Formic, acetic and propionic acids are formed by the imperfect 
oxidation of methyle-, ethyle- and propyle-alcohol, and we may con- 
sider them to be simple substitution-products of these alcohols. 

By means of the electric current we are able to produce ethyle, 
methyle and hydrogen from propionic, acetic and formic acids, and 
these acids we may reproduce again by the action of hydrate of 
potassa on the cyanogen compounds of hydrogen, methyle and 
ethyle. 

Both series of radicals are chained together by these reactions, and 
we may view acetyle and propionyle as formyle, the hydrogen of 
which is replaced by methyle and ethyle. 


Formyle.......... =C, (H) O, 
Acetyle\ A. i+ »insi04, «== G@, (Cy) O, 
Propionyle ...... =C, (C,H,) O,. 


There is no doubt that the same relation exists between the hydro- 
carbons of the other series of radicals and the radicals of the corre- 
sponding acids, between allyle, C; H,, and the radical of acrylic acid, 
acryle C; H, O,, and between methylene, C, H,, ethylene, C, H,, pro- 
pylene, &c., and the radicals of the bibasic acids, which are homo- 
logues of succinic acid, C; H,; Os. 

The biatomic radicals are in general far less studied than the 
monatomic radicals; still they occur in many compounds, and are 
met with in different departments of chemistry. 

In addition to the terms already mentioned, we find them in the 
phenyle, benzyle, naphthyle and other series. 

In the hope of adding some facts to the history of the polyatomic 
radicals, I have made some experiments with chloride of ethylene, 
C,H, Cl,. 

‘This compound, as well as the bromide of ethylene, refused to act 
in many instances ; in others it underwent the same change which is 
induced by the action on it of a solution of potassa in alcohol, split- 
ting into the compound C, H, Cl and hydrochloric acid. 

On boiling chloride or bromide of ethylene with an alcoholic so- 
lution of sulphocyanide of potassium, a very definite reaction takes 
place. The change being completed, the alcohol is separated by 
distillation, and the residue treated with a small quantity of cold 
water in order to remove chloride or bromide of potassium, which is 
produced, and the excess of sulphocyanide of potassium. The more 
or less coloured residue is then dissolved in boiling alcohol, and the 
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solution, after digestion for some time with animal charcoal and a 
few drops of hydrochloric acid, filtered whilst hot. This solution 
deposits on cooling fine white, very brilliant and large rhombic plates 
of a hard and brittle substance*. 

The analysis of this substance leads to the formula ©, H, Cy, 8, 
and its formation may be represented by the equation 


C, H, Cl, + 2K Cy $,=2K Cl+C, H, Cy, S,. 


Sulphocyanide of ethylene fuses at 90° C. and solidifies at 83°. 
It is but slightly soluble in cold water, more so in boiling water, 
from which it crystallizes in groups of needles. It is decomposed at 
a higher temperature, and evolves a highly pungent vapour, the 
odour of which very much resembles that of burnt onions. On 
boiling a solution of sulphocyanide of ethylene in water, a very acrid 
odour is observed, which produces lacrymation and violent sneezing. 
Sulphocyanide of ethylene has a sharp taste, causing a burning sen- 
sation in the throat. 

Solution of ammonia decomposes sulphocyanide of ethylene even 
at the common temperature. A flocculent substance separates, and 
the solution contains several compounds which I have been unable 
to separate. 

At the temperature of boiling water sulphocyanide of ethylene 
mixes with aniline in every proportion ; no reaction, however, is per- 
ceptible. But on boiling the mixture decomposition sets in, and a 
volatile substance is evolved which restores the colour of reddened 
litmus paper. 

When boiled with solution of hydrate of baryta and oxide of lead 
or mercury, sulphocyanide of ethylene loses its sulphur; the substanee 
left behind possesses very little power of crystallizing. In the case 
of oxide of mercury, besides sulphide of mercury and carbonate of 
barium, a difficultly soluble body containing mercury is formed. 

At the temperature of boiling water, sulphocyanide of ethylene 
dissolves readily in very dilute nitric acid; on cooling of the solution 
the substance is deposited unchanged. On treating it with stronger 
nitric acid a decomposition takes place, and a crystalline acid is 
formed. This acid is best produced by heating sulphocyanide of 
ethylene on the water-bath with dilute nitric acid as long as red 
fumes of nitrous acid are evolved. The residue is a strongly acid 
syrup, which becomes finally crystalline. It is repeatedly dissolved 
in water and evaporated on the water-bath in order to expel the 
nitric acid. Thus purified, the new acid is dissolved in boiling water, 
neutralized with pure carbonate of barium and separated from sul- 
phate of barium. On cooling, the barium-salt of the new acid ery- 
stallizes. It is soluble in boiling water, less so in cold water, and 


* Whilst M. Buff was engaged with these researches, M. Sonnenschein has 
communicated some experiments made in the same direction, which haye likewise 
led to the discovery of this substance. Sonnenschein’s results, which are pub- 
lished in the Journ. fiir Prakt. Chem. June 1855, came to our knowledge only 


after a summary of the results had been sent to the editor of the Annalen der 
Chem. und Pharm.—A. W. H. 


M. Buff on some Compounds of Ethylene. 377 


almost insoluble in alcohol, by means of which it may be precipitated 
from its solution in water. 

On examining the appearance and deportment of this salt, Dr. 
Hofmann, in whose laboratory I performed these experiments, at 
once recognized the identity of this compound with the barium-salt 
of disulphetholic acid which he and Mr. Buckton have lately 
discovered. 

This view was fully confirmed by the analysis which I made. 

The composition of the barium-salt, dried at 160°, is represented 
by the formula 

C, (H, Ba,) 8, 0,,. 
The potassium salt of this acid is readily soluble in water ; it crystal- 
lizes easily, and is likewise precipitated by alcohol from its solution 
in water. Dried at 100° C., it contains 

C, (A, K,) S, O,,- 
At 160° it suffers no decomposition ; when exposed to a higher tem- 
perature, however, it blackens and intumesces, empyreumatic sub- 
stances being evolved. 

It is obvious that this bibasic acid stands in the same relation to 
ethylene as the monobasic ethylsulphurous acid to ethyle. 

The origin of the two acids is perfectly analogous, the latter acid, 
according to Mr. Muspratt, being obtainable also by the action of 
nitric acid upon sulphocyanide of ethyle. 

Sulphocyanide of ethyle, C,H, Cy 8,, produces ethylosulphurous 
acid, C, H,, H, S, Ox. 

Sulphocyanide of ethylene, C, H, Cy, 8, produces ethylensulphu- 
rous acid, C, H,, 2H, 28, Ox. 

This reaction appears to throw some light upon the constitution 
of polybasic compounds. The compounds of monatomic molecules 
of the hydrogen-group with elements or compound radicals of the 
oxygen-group, are all remarkable for the simplicity of their construc- 
tion. The union of biatomic radicals of the hydrogen-group with 
molecules of the oxygen-group gives rise to combinations of a far 
more complicated character. Whilst one molecule of water, H, O,, 
most conveniently may be considered as the type of many compounds 
of the former class, the corresponding compounds of biatomic radicals 
frequently correspond to a double molecule of water, 2H, O,. 

Sulphocyanide of potassium may be viewed as water, in which the 
oxygen is replaced by sulphur, one of the hydrogen molecules by 
cyanogen, the other by potassium. 


Water Ht O, Sulphocyanide of potassium ra S, 


In the production of sulphocyanide of ethylene two equivalents of 
chlorine in chloride of ethylene (C,H, Cl,) have to be eliminated by 
two equivalents of potassium. Thus the very reaction of the two 
factors, chloride of ethylene (C,H, Cl,), and two equivalents of sul- 
phocyanide of potassium 2(K Cy §8,), joins 4 equivs. of sulphur and 
2 equivs. of cyanogen with one molecule of ethylene. This reaction 
may be expressed by the following equation, which will illustrate at 
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once my view in regard of the constitution of this substance :— 


F hs, oT \s, 
K +C,H,Cl=C,H,{  +42K Cl. 
Cy } Ss cy f® 


The acid produced by the action of nitric acid upon sulphocyanide 
of ethylene obviously belongs to the same type. In this compound, 
which in the conception of this view may be called ethylene-sulphurous 
acid, the cyanogen is replaced by hydrogen, whilst the sulphur has 
been oxidized into the compound radical S, O,, which in sulphurous 
acid we assume united with hydrogen. 


Two H Two equivs. H O Ethylene H 1g 
mole- Hf ~? of bisulphite K f~?~° —sulphu- q yy \ os 
cules of H | 4 of potas- a 5.0 rous “4 4loo6 
water. Hf ~? som... ie fe © acid. H \ ge 
Since we find that the hydrogeri-molecules in polybasic acids are 
replaceable by two or more molecules of different metals or radicals, — 
witness tartrate of potassium and sodium, oxalovinate of potassium,— 
the idea naturally suggests itself that the biatomic alcohol-forming 
radicals may be capable of uniting two molecules of different elements 
or compounds of the oxygen-group. It is probable, for instance, 
that the ethionic acid, discovered by M. Magnus, may be such a 
compound, namely ethylene-sulphuro-sulphurous acid. 


H H 
Disulphetholic \ 8:05 Ethionic \ 8, Os 
3 C,H -, O,H 
acid. <: ‘} sO acid; "~ ‘t SO 
H 2 Ve H 2 Ys 
The following Table contains some of the known ethylene and 


succinyle compounds compared with the corresponding derivatives of 
the ethyle and propionyle series. 


Compounds of the Alcohol-forming Radicals. 
Ethyle-series. Ethylene-series. 


C,H 
TDG nsec. aj: 4 Ethyl Sr ia 
yle CH ylene LOD 
Chloride of ethyle C, H, Cl Chloride of ethylene.. C, H, Cl, 


Sulphide of ethyle c! a S, Sulphide of ethylene.. C, H, 8, 


Ss 
Mercaptan .... Cy np S, Ethylene-mercaptan.. C,H, ; 
n f® 

Cy 


Sulphocyanide of C, H Sulphocyanide of ethy- 8, 
ethyle. by ‘ \ 8, lene. CO, H, g 
Cy j ; 
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wee Ethyle-series. LEthylene-serves. 

Bisulphide of qa. WEP 

¥ ane % O,H,8, _ Bisulphide of ethylene C, H,8, 
H 


acid. acid. 


Ethylsulphurous Cis | s O Ethylene-sulphurous 
: H 26 


H \s.0 
Ethylene-sulphuro-sul- C,H 2*'6 


hurous acid. 4 
P Hf 8:0. 
Sulphovinie acid Cath 8,0, 
Compounds of the Acid-forming Radicals, 
Propionyle-series. Succinyle-series. 
Chloride of pro- , Chloride of suc- 
Mionpie, F Ca(CHBs)OnCl inyle, Ca(CaBls) Op Ch 
H 
Propionic acid. . C, (C,H) O, Suteinic acid... C,(C,H,) 0, 
O 
HY: 
Anhydrous pro- C,(C,H;)O. Anhydrous suc- 
pionic acid. C, (C,H,) oh 0” cinic acid. C,(C,H,)0,0, 
H 
H Nf 
Propionylamide x} 8 Succinamide. C,(C,H,) 0, 
0,(0,H,)0, nt H 
H 


_ “Researches on Organo-metallic Bodies.” Third Memoir.—On 
a New Series of Organic Acids containing Nitrogen. By Edward 
Frankland, Ph.D., F.R.S. 

The author, in pursuing the line of research indicated in his 
former memoirs, has investigated the action of zincethyle and zinc- 
methyle upon binoxide of nitrogen, and has succeeded in producing a 
new series of organic acids, by the substitution of oxygen in binoxide 
of nitrogen by methyle, ethyle, &e. Binoxide of nitrogen is slowly 
absorbed by zincethyle, and the sole product of the reaction is a body 
which is deposited in magnificent rhomboidal colourless crystals. 
This body has the composition expressed by the formula 

N, C,H, O,Zn+C, H, Zn, 
and consists of the zinc salt of a new acid, for which the author 
proposes the name dinitroethylic acid, united with zincethyle. The 
dinitroethylate of zinc and zincethyle is produced from binoxide of 
nitrogen and zincethyle according to the following equation, 


2(Zn C,H 
( ONG, o| =N, C,H, 0,Zn+C,H, Zn. 
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The crystals of dinitroethylate of zine and zincethyle instantly 
become opake on exposure to the air, owing to the formation of an 
oxidized product. They are tolerably soluble in anhydrous ether 
without decomposition, but are instantly decomposed by anhydrous 
alcohol and by water. Exposed to the gradually increasing heat of 
an oil-bath, dinitroethylate of zine and zincethyle fuses at 100° Cent., 
froths up, and begins slowly to evolve gas. At 180° the colour 
darkens, a small quantity of a highly alkaline liquid distils over, and 
a large amount of gas is evolved. The latter consists of carbonic 
acid, olefiant gas, hydride of ethyle, nitrogen and protoxide of ni- 
trogen, When brought into contact with water, dinitroethylate of 
zine and zincethyle is immediately decomposed with lively efferves- 
cence, due to the evolution of pure hydride of ethyle. An opalescent 
solution is formed, possessing a powerfully alkaline reaction and a 
peculiar bitter taste. The opalescent solution contains only basic 
dinitroethylate of zinc, and the reaction is expressed by the following 
equation :— 

N, C,H; 0,2Zn+C,H, Zn] _ f C,H;, H 
HO \ ~ |N, C,H; O,Zn+ Zn 0. 

Carbonic acid decomposes tltis basic salt, precipitating carbonate 
of zinc, and leaving the neutral salt in solution. 

Dinitroethylate of zine and zincethyle is also decomposed by dry 
oxygen according to the following equation :— 

N, C,H,0O,2Zn+C,H,; Zn] _ JN,C,H,0,Zn 
2f |240C,H,0. 

When the product of oxidation is treated with water, basic dini- 
troethylate of zinc is produced along with alcohol. 

Neutral dinitroethylate of zine crystallizes in minute colourless 
needles containing half an equivalent of water. It fuses at 100° 
Cent., and gradually becomes anhydrous. It is very soluble in 
water and in alcohol. Heated suddenly in air to about 300° Cent. 
it burns rapidly with a bluish green flame. 

Dinitroethylic acid can only exist in dilute solution ; it can be 
prepared, either by decomposing the zinc salt with dilute sulphuric 
acid and distilling in vacuo, or by decomposing the baryta salt by 
an exact equivalent of dilute sulphuric acid. The dilute acid thus 
prepared possesses a pungent odour, somewhat resembling that of 
the nitro-fatty acids, and an acid taste. It reddens litmus paper 
strongly, and gradually decomposes even at ordinary temperatures. 
Neutralized by the carbonates of the various bases, it yields the cor- 
responding salts. The silver and magnesian salts thus prepared 
were analysed. 

The salts of dinitroethylic acid are all soluble in water and in 
alcohol, and most of them crystallize with more or less difficulty. 
They are all violently acted upon by concentrated nitric acid, the 
dinitroethylic acid being entirely decomposed and a nitrate of the 
constituent base produced. Dilute nitric acid acts in the same 
manner, but more slowly. They all fuse at a temperature little 
aboye 100° Cent. The potash, soda, lime, and baryta salts de- 
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flagrate explosively, like loose gunpowder, at a temperature con- 
siderably below redness. 
The following salts have been prepared and analysed :— 
Formule. 


Dinitroethylate of silver .............. N, C,H, O, Ag 

Double nitrate and dinitroethylate of silver N,C,H,O,Ag+NO,Ag 
Dinitroethylate of copper.............. 2(N, C,H, O, Cu) + HO 
Dinitroethylate of zinc (crystallized) ...... 2(N,C, H, O, Zn) + HO 
Dinitroethylate of zinc (anhydrous)...... N, C,H, 0, Zn 
Dinitroethylate of zine (basic) .......... N, C,H; O, Zn+ ZnO 
Dinitroethylate of zinc and zincethyle .... N,C,H,O0,Zn+ C,H, Zn 
Dinitroethylate of baryta .............. N,C,H,;0,Ba 
Dinitroethylate of lime............-.-- N, C, H,O,Ca+3HO 
Dinitroethylate of magnesia ............ N, C,H; O, Mg 
Dinitroethylate of soda...... .N, C,H, 0O,Na 


this acid is 
N, C, H, O, H, 

and the following salts have been examined :-— 
Dinitromethylate of zinc.............-. N, C, H,O,Zn+HO 
Dinitromethylate of soda..............N,C,H,0,Na+2HO 
Dinitromethylate of zinc and zinemethyle N,C,H,0,Zn+C,H,Zu? 

It is difficult to arrive at any satisfactory conclusion relative to the 
rational constitution of this series of acids; they may be regarded as 
belonging to the type of nitrous acid, containing a double equivalent 
of nitrogen, and in which one atom of oxygen has been replaced by 
an alcohol radical, thus, 
Cn Hn+1 
O 
O 
O 


or they may be viewed as constructed upon the hyponitrous acid 
type, one equivalent of oxygen being replaced by an alcohol radical, 
and a second by binoxide of nitrogen, thus, 

Cn Hn+1 
Nf NO, 
O 


N, 


Without attaching much value to either hypothesis, the author 
prefers the latter, and remarks in conclusion that there can be little 
doubt that many new series of organic acids may, by analogous pro- 
cesses, be produced from inorganic acids by the replacement of one 
or more atoms of oxygen by an alcohol radical; in fact his pupil, 
Mr. Hobson, is now engaged in the study of a new series containing 
sulphur, produced by the action of zincethyle and its homologues 
upon sulphurous acid. These acids are formed by the replacement 
of one equivalent of oxygen, in three equivalents of sulphurous acid, 
by an alcohol radical. 
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*©Qn the Action of Urari and of Strychnia on the Animal Eco- 
nomy.” By Professor Albert Kolliker of Wiirzburg. 


The communication which I now offer to the Royal Society con- 
tains a brief statement of the results of a series of experiments which 
I lately made on the action of the urari poison and of strychnine on 
the animal economy. 


I. Urari. 


The urari is the well-known poison from Guiana, also called 
Curare and Woorara. That which I employed in my experiments 
I owe to the liberality of my friend Professor Christison of Edin- 
burgh. The following are the conclusions at which I have arrived 
respecting its operation :— ; 

1. The urari causes death very rapidly when injected into the 
blood or inserted into a wound; when introduced by way of the 
mucous membrane of the intestinal canal its effects are slow and 
require a large dose for their production, especially in mammalia. 
When applied to the skin of frogs it is altogether inoperative. 

2. Frogs poisoned with very small doses of urari may gradually 
recover, even after it has produced complete paralysis of the nerves. 
Mammalia may also be restored, even after large doses, provided 
respiration is maintained artificially. 

3. The urari, acting through the blood, destroys the excitability 
of the motor nerves. In frogs under its operation the terminal 
branches of these nerves within the muscles lose their excitability 
in a few minutes, whilst their trunks become affected an hour or two 
later. If, after the nervous extremities have become paralysed, the 
heart of the animal be excised so as to prevent the nerves from 
receiving any further share of the poison, the nervous trunks may 
retain their excitability for three or four hours. 

4. The brain is less affected by the urari than the nerves in the 
muscles ; still when, by ligature of the two aortic arches, in frogs, 
the poisoning is confined to the anterior half of the body, the volun- 
tary movements of the limbs speedily cease, whilst automatic move- 
ments, of doubtful nature and probably proceeding from the medulla 
oblongata, may be still observed for half an hour or an hour after 
the poison has begun to operate. 

5. The spinal cord is considerably less affected than the brain by 
this poison, and by local limitation of the poisoning (as in No. 4), 
it is found that the cord retains its reflex activity from half an hour 
to an hour and a half, and the excitability of its white substance or 
its conducting power from two to three hours after the poison has 
taken effect.. It is worthy of remark that in such cases the impaired 
reflex activity of the spinal cord may be revived by strychnia directly 
applied to it. 

6. The sensory nerves, as shown also by locally limited poisoning, 
retain their functional activity as long at any rate as reflex actions 
can be excited, and when the depressed reflex activity has been 
revived by means of strychnia, these nerves are found not to have 
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been in the slightest degree injured, so that it seems doubtful 
whether the urari in any way affects them. 

7. The nerves of the involuntary muscles and of the glands are also 
paralysed by the action of urari, at least I find this to be true in the 
following cases, viz.— 

a. The pneumogastric, as regards its influence on the heart. 

_ 5. The sympathetic (its cervical portion), in its relation to the 
iris. 
ce. The nerves of the posterior lymph-hearts of the frog, 

d. The nerves of the vessels in the web of the frog’s foot. 

e. The splanchnic nerves of the rabbit, as affecting the peristaltic 
motions. 

J. The nerves governing the secretion of the submaxillary gland 
in dogs. 

8. The voluntary muscles remain perfectly excitable, but show a 
greater tendency than usual to merely local contractions. In 
general the cadaveric rigidity of these muscles appears to set in 
later than usual. 

9. The plain or non-striated muscles also remain long irritable 
after poisoning by urari. 

10, The heart, in amphibia, is little affected by urari. Its pul- 
sation as well as the circulation of the blood goes on regularly for 
many hours after the poisoning is established, The only thing 
worthy of note is that the beat of the heart appears to be somewhat 
quickened, probably from paralysis of the pneumogastric nerves. In 
frogs poisoned with urari, the heart, when cut in two, shows the 
usual phenomenon, namely, that the half which contains the ganglia 
continues to pulsate whilst the other does not ; from which it may 
be inferred that these ganglia are not paralysed. As to the nerves 
in the substance of the heart, those at least which are derived from 
the pneumogastric are unquestionably paralysed (vide No. 7). 

11. The lymph-hearts of frogs poisoned with urari soon cease to 
move. 

12. The blood of animals poisoned by urari is fluid and dark, but 
coagulates when drawn from the vessels, and forms a weak clot which 
is but little reddened by exposure to air. Directly mixed with 
blood, urari does not prevent coagulation, but the blood in this case 
also remains dark and scarcely reddens on exposure. 

13. The blood of animals poisoned by urari has the same poison- 
ous qualities as that substance itself, but not in a degree sufficient 
to produce the full effects of the poison. Urari when directly mixed 
with blood loses none of its efficacy. 

14. Urari, in concentrated solution, applied locally to nerves ex- 
tinguishes their excitability, but only after a considerable time, and 
it appears to act similarly on the nerves in the substance of the 
muscles. Dilute solutions have no injurious operation. Applied 
directly to the brain and spinal cord, urari is altogether harmless 
provided its absorption be prevented. 

15. When artificial respiration is kept up in quadrupeds poisoned 
with urari, I find that, as observed by Bernard, many of the secre- 
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tions become increased—as the tears, saliva, urine and mucus of the 
air-passages, which effect appears to be owing to the paralysis of the 
vascular nerves and consequent dilatation of the vessels caused by 
the poison. 

16. In mammalia urari causes death by paralysis of the respi- 
ratory nerves and suppression of the respiration, which brings on 
convulsions in these animals as a collateral effect. In frogs the 
final extinction of the functions may also be partly ascribed to sup- 
pressed action of the lungs and defective oxidation of the blood, 
which at length renders the heart unfit to perform its office ; but it 
must be observed that in this case the cause of death is not so plain, 
inasmuch as in these animals the functions are in a great degree 
independent of the pulmonary respiration. 


II. Srrycunia. 


Some experiments with strychnia (the acetate) gave the following 
results :— 

1. Strychnia has not the least influence on the peripheral nerves 
through the blood, which is best shown by cutting the nerves before 
administering the poison. 

2. Strychnia paralyses the motor nerves of the voluntary muscles 
by exciting them to too energetic action, a paralysis which may be 
compared to that caused by powerful electric currents acting upon 
the nerves. In frogs, when the tetanic spasms are over, the nerves 
often show no trace of excitability; in mammalia they generally retain 
it in a slight degree, but never show the same energy of action as 
when uninjured. 

3. Strychnia does not affect the sensory nerves. 

4, The heart is not affected by strychnia, not even during the 
tetanic spasms, with the exception only that its pulsations are some- 
times a little slower during the tetanic state. On the contrary, the 
lymph-hearts of frogs contract themselves as soon as the tetanus 
begins, and remain in this state as long as the spasms last. 

5. The tetanic fits can be brought on in two ways; first, through 
the sensory nerves, which, by irritating the grey substance of the 
spinal cord, produce the tetanic contractions as reflex movements ; 
and, secondly, through the brain, which is not affected at all by 
strychnia and preserves its powers of volition and sensation. Accord- 
ingly, animals poisoned with strychnia try to move in the ordinary 
way, but every attempt brings on a tetanic fit, so that it is plain that 
the spinal cord may also be excited by the brain to its peculiar 
actions. 

6. If the tetanus produced by strychnia has been strong, the 
muscles are less irritable and pass much sooner into the state of 
cadaveric rigidity, which is very strongly marked, and seems to last 
longer than it generally does. The same early onset of rigidity may 
be observed in animals killed by tetanus excited by electricity. 


‘Researches on the Foraminifera.””—Part II]. By William B. 
Carpenter, M.D., F.R.S., F.G.S. 
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GEOLOGICAL SOCIETY. 
[Continued from p. 295.] 
March 11, 1857.—Colonel Portlock, R.E., President, in the Chair. 


The following communications were read :— 

1. ‘On the Dichobune ovina, from the Upper Eocene of the Isle 
of Wight.” By Professor Owen, F.R.S., F.G.S. 

This paper comprised a detailed description of the lower jaw and 
teeth of an Anoplotherioid quadruped (Dichobune ovina, Owen), of 
the size of the Xiphodon gracilis, Cuvier, and belonging to the family 
that includes Dichobune and Xiphodon. The dental formula, as shown 
by these teeth, and by the evidence on their crowns of the presence 
of the teeth of the upper jaw, is the typical one in diphyodont 
mammalia, viz. incis. —, can. = premol. — molars, me = 44. 
Professor Owen, having described the differences of the species 
under notice from the allied species D. cervinum,. concluded with 
some remarks on the relations of the genera Xiphodon and Dichobune, 
as illustrated by their dental organs; and pointed out that the 
small anoplotherioid Microtherium, so much in some respects re- 
sembling the Chevrotains of Java, &c., but possessing persistent 
upper incisor teeth, probably differed also from the Ruminants in 
having a still more simplified structure of the stomach than is pre- 
sented even by the Chevrotains (Tragulus, in which the third bag or 
psalterium is suppressed). Thus nearly all of the known eocene artio- 
dactyle herbivores are separable from the Ruminants ; and of the very 
few that remain, the dental evidences are as yet incomplete. Further, 
the gradations of dentition displayed by the extinct even-toed 
hoofed herbivores above referred to go far to establish the natural 
character of the group Artiodactyla. 


2. “On two species of the fossil Mammalian genus Plagiaulax 
from Purbeck.” By Dr. H. Falconer, F.R.S., F.G.S. 

The author first alluded to the interesting relics of Mammalia 
(Spalacotherium) discovered some time since by Mr. W. R. Brodie, 
in the cliffs of Durdlestone Bay, near Swanage, and described by 
Professor Owen in the Journal of the Society (vol. x. p. 420, &c.). 
He then mentioned that Mr. Brodie had since made some important 
additions to this Purbeck fauna (including the Triconodon); and 
that Mr. S. H. Beckles had more recently obtained numerous addi- 
tional evidences of mammalian animals (chiefly in the condition of 
lower jaws), besides various valuable reptilian remains in the same 
thin freshwater deposit which had yielded the fossil above referred 
to, and was still energetically occupied in the research. Among 
the specimens found by Mr. Beckles, are some portions of the 
lower jaws of two species of a mammalian genus, which is best re- 
presented among existing forms by the Hypsiprymnus or Kangaroo- 
rat. Dr. Falconer names the fossil genus Plagiaular,—an abbrevi- 
ation for ‘‘ Plagiaulacodon,” from wAdyios oblique, and avAak groove ; 
having reference to the diagonal grooving of the premolar teeth. 
With regard to these two species (P. Becklesii and P. minor), 
satisfactory evidence has been obtained as to the characters of the 
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lower jaw: the dental formula being—incisors, 1—1; canines, O—0; 
premolars, 3—3 and 4—4; molars, 2—2;=12and1]4inall. The 
author then entered into a very full detailed description of the teeth 
and jaw in each of the two species. Plagiaular characteristically 
differs from Hypsiprymnus,—1st, by the obliquity of the grooves on 
its premolars, the latter genus having the analogous teeth vertically 
grooved; 2ndly, by having only two true molars in each ramus of 
the jaw, instead of the usual four and occasional three, belonging to 
recent marsupials ; 38rdly, by the considerable salient angle which the 
surfaces of the molar and premolar teeth form, instead of presenting 
a uniform level line; 4thly, by the very low relative position of the 
articular condyle. In P. Becklesii the two incisor teeth were large 
and robust, projecting upwards at a considerable angle, and the 
ramus of the jaw was remarkably short and deep. In P. minor the 
incisors were more slender, pointing less suddenly upwards, and the 
ramus wasnarrower and more curved. Dr. Falconer more especially 
infers the marsupial characters of the genus,—Ist, from its Hypsiprym- 
noid resemblances in the grooved premolars and the relative size and 
position of the incisors; 2ndly, from the raised and inflected fold of 
the posterior and inner margin of the ramus; 38rdly, the form and 
characters of the symphysial suture. 

The author dwelt upon the peculiarly small number of the true 
molars in this genus,—presenting, as it does, a marked special sup- 
pression in these organs, and so offering the most specialized excep- 
tion, amongst the marsupiata, fossil or recent, from the hitherto 
accepted rule of the older vertebrate forms presenting the least 
departure from the archetypal plan. He noticed also the interesting 
fact, that the crowns of the molars of Plagiaulax presented an un- 
mistakeable and close resemblance to those of the minute teeth of 
the Microlestes from the Triassic Bone-bed of Wurtemberg. Lastly, 
Dr. Falconer alluded to the fact of little lower jaws and small isolated 
bones forming so large a proportion of the mammalian remains from 
this thin Purbeck freshwater bed ; whilst more or less perfect skele- 
tons of aquatic or amphibious reptiles occurred in the same deposit ; 
and he stated that not only had he observed that in the tanks in 
India the bones of small animals were uniformly wafted to the 
margin, but that M. Lartet had lately pointed out to him that in 
the rich Falunian deposit of Sansan, the skeletons of the large 
terrestrial animals were found in certain parts of the lacustrine beds, 
whilst in other parts, probably the old marginal deposits, the little 
bones of frogs, shrews, &c., could be collected by the handful. The 
author could not therefore but hope that further explorations, by 
opening out the stratum where it was originally deposited in deeper 
water, would yield even richer supplies of still larger mammals. 


March 25, 1857.—Colonel Portlock, R.E., President, in the Chair. 
The following communications were read :— 


1. ‘On some Fish-remains from the neighbourhood of Ludlow.” 
By Sir P. G. Egerton, Bart., M.P., F.G.S. 
This paper comprised descriptions of some specimens of fossil 


On Fish-remains from the neighbourhood of Ludlow. 387 


fishes discovered by Mr. Salwey in the Old Red Sandstone of Acton 
‘Beauchamp, and others by Mr. Lightbody in the upper bone-beds 
near Ludlow. From the first-named locality the author described 
a portion of a cephalic carapace, indicating a large and new species 
of Cephalaspis (C. Salweyi). Another new species of Cephalaspis 
(C. Murchisoni) was founded on two specimens obtained by Mr. 
Lightbody in a bed below the paper-mill on the river Teme at Lud- 
low; and a third new species (C. ornatus) was described from spe- 
cimens from dark micaceous shales in the Hereford Railway Cutting 
at Ludlow. The same shales have afforded two specimens of a very 
small Cephalaspid of great interest. ‘These are of the size of a four- 
penny piece, and have a general resemblance to Cephalaspis, except 
in the peculiarity of having behind the cephalic shield, and united to 
its posterior margin by a distinctly marked suture, a broad plate 
divided into lateral halves by a prolongation of the occipital crest. 
The author, having stated his reasons for regarding these specimens 
as adult and not embryonic individuals, gave this new Cephalaspid 
form the generic title Auchenaspis (on account of its nuchal plate), 
and described it under the specific name of 4. Salteri. In conclusion, 
some other ichthyic remains, referable to Plectrodus and Onchus, 
were enumerated as having been collected by Mr. Lightbody in the 
railway-cutting and in the River-bed near Ludlow. 


2. ‘‘Note on the relative position of the Strata containing the 
Ichthyolites described by Sir P. Egerton.” By Sir R. I. Murchison, 
TE.G:S. 

The section of the railway-cutting north of Ludlow exhibits an 
upcast mass of upper Ludlow rock a few feet thick and surmounted 
by micaceous sandstone and red marl. It is distinct from, and 
younger than the well-known Ludlow bone-bed, which is overlaid 
in order by the grey-coloured Downton Castle sandstone. Though 
higher in the series, still this band at the railway-cutting contains 
some characteristic fossils of the lower bone-bed, such as the Plec- 
trodus mirabilis ?, Onchus Murchisoni?, and Lingula cornea. At the 
same time it contains forms unknown in the lower beds, viz. Cepha- 
laspis ornatus, Auchenaspis Salteri, an Onchus or Byssacanthus, Ptery- 
gotus anglicus, and Eurypterus pygmeus. 

The section obtained on the right bank of the Teme, south of 
Ludlow (between Ludford and the paper-mill), indicates that the 
Ludlow bone-bed, dipping gently to the S.E., is covered by grey strata 
representing the Downton Castle stone, which pass under brownish, 
micaceous, thin-bedded sandstones, and these, to the east of the corn- 
mill, are succeeded by red marl with cornstones. ‘The fossiliferous 
band exposed at the railway, though probably included in this section, 
is not seen on account of denudation and superficial gravel; but 
another and still higher fossiliferous micaceous band, discovered on 
the river-bank by Mr. Lightbody, afforded the Cephalaspis Murchisoni 
described by Sir P. Egerton, together with Plectrodus, Onchus Mur- 
chisoni, and Lingula cornea. These tilestone-beds are succeeded by 
the red marls, sandstones, and cornstones with Cephalaspis Lyellii, 
Pteraspis Lioydii, &c. From the mingling of peculiar cephalaspid 
forms with the Lingula cornea and Upper Silurian ichthyolites in 
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these tilestone-beds of Shropshire and Herefordshire (which have 
about 40 or 50 feet of thickness), Sir Roderick is inclined to regard 
them as true “ passage-beds’”’ between the Silurian and Devonian 
systems, and to be classed with the lower or the upper system 
according to the prevalence of certain fossils. 


38. “‘On the occurrence of Mastodon Bones in Chile.” By W. 
Bollaert, Esq. Communicated by Prof. Owen, F.G.S. 

The author observed, that hitherto there have been few if any 
fossil bones of large quadrupeds found on the western side of the Andes. 
During his travels in South America, he had diligently searched for 
information on the subject ; and he had learnt from Mr. G. Smith, 
H.B.M.Consul at Santiago de Chile, that some elephantine bones 
had been met with in digging a trench to drain the Lake Taguatagua, 
in the province of Colchagua, about 45 leagues due south of the 
capital, and at an elevation of 2300 feet above the level of the Pacific 
Ocean. This lake occupied a circular and crater-like depression 
among the third range of hills running N. and S. through Chile. 
The skeletons of two animals were found at the depth of about 30 feet 
below the margin of the lake. 

Some of the teeth (referred to Mastodon by Don V. Bustilos) 
are in the Museum at Santiago, and fragments of the femur and 
tibia brought home by Mr. Bollaert have been also referred to Mas- 
todon by Prof. Owen. 
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EXPERIMENTS ON THE ARTIFICIAL FORMATION OF THE HYDRATED 
CARBONATES OF THE EARTHS AND METALS. BY A. DAMOUR. 
§ pele metallic and earthy carbonates have already been obtained 

artificially in a crystalline state by various processes. Thus when 
a soluble salt and an alkaline carbonate are exposed to a high tem- 
perature in a close vessel, double decomposition takes place, giving 
origin to an insoluble and crystalline carbonate. A soluble salt may 
also be precipitated by an alkaline bicarbonate in water supersaturated 
with carbonic acid. This mixture, placed in an apparatus which 
only allows the carbonic acid to escape slowly, and exposed to a 
more or less elevated temperature, gives origin to anhydrous crystal- 
line carbonates. These processes are due to the experiments of M. 
Senarmont. 

The solution of an acid salt may be poured into a saturated solu- 
tion of an alkaline bicarbonate, when the carbonic acid being in excess 
exerts a solvent action on the carbonates, and by its slow evaporation 
under the simple pressure of the atmosphere, allows the dissolved 
matters to separate and crystallize. In this manner, sometimes 
simple, sometimes double, hydrated carbonates are obtained. This 
is the method of M. H. Deville. 

The author has undertaken a series of experiments on the direct 
action of carbonic acid upon the earthy bases and metallic oxides. 
The apparatus employed consists of a glass vessel in two compart- 
ments, such as is used for the artificial preparation of Seltzer water. 
The oxide or recently prepared carbonate is suspended in distilled 
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water, and introduced into the compartment destined to receive and 
absorb the gas evolved by the action of tartaric acid upon bicar- 
bonate of soda placed in the other compartment; the apparatus is 
then closed. 

After several days of digestion, the liquid, saturated with carbonic 
acid and retaining in solution a certain quantity of the oxide with 
which it had been in contact, is decanted, and left to spontaneous 
evaporation, either in the open air or in loosely stopped bottles. The 
hydrated carbonates are then deposited very slowly, either in the 
form of pulverulent flakes, or in more or less distinct crystals, some- 
times several millimetres in diameter. In this way the author has pro- 
duced a hydrated carbonate of magnesia in large and perfectly trans- 
parent crystals, by digesting in water charged with carbonic acid, a 
mixture of carbonates of lime and magnesia obtained by precipitating 
a neutral liquid containing dolomite dissolved in nitric acid by car- 
bonate of ammonia. The water dissolved carbonate of lime and a 
still larger quantity of carbonate of magnesia. When exposed to 
the air it deposited from the very first day small acicular crystals of 
carbonate of lime; then the liquid being reduced to about a sixth of 
its original volume by spontaneous evaporation in the open air for 
about two months, it gave crystals of hydrated carbonate of magnesia. 
These crystals of several millimetres in diameter are derived from an 
oblique rhomboidal prism, presenting the same angles observed in 
the hydrated carbonate of magnesia, MgO, CO*+4Ag., described 
by Marignac. Exposed to a slight heat these crystals lose a part of 
their water, and become opake. They contain no lime. 

Water charged with carbonic acid dissolves considerable quan- 
tities of protoxide of iron, and peroxides of zinc, lead, silver, and 
copper; the latter gives the liquid a fine sky-blue colour. These 
solutions were left for several months to spontaneous evaporation ; 
some of them deposited carbonates in pellicles or amorphous flakes, 
others exhibited some microscopic crystals.—Comptes Rendus, March 
16, 1857, p. 561. 


NOTE ON A NEW CYANOMETER. BY FELIX BERNARD. 

If it be true that the proportion of polarized light contained in a 
ray emanating from a determinate point in the sky varies with the 
transparency of the atmosphere, and consequently with the brilliancy 
of its tint, it is however not evident, that, as has generally been 
admitted hitherto, these two quantities vary in the same proportion ; 
the measuring instruments founded upon the proportionality of these 
two elements can, therefore, only lead to results of doubtful exacti- 
tude, and this doubt must remain as long as this question is unsolved 
by experiment. On the other hand, if this agreement were com- 
pletely established, the employment of one of these means exclusively 
would be insufficient for the study of the laws of atmospheric polar- 
ization, as these must be deduced from observations made in perfectly 
definite circumstances. ‘These considerations have led me to intro- 
duce some very simple modifications into the polarimeter, which I 
have already submitted to the Academy of Sciences*, and these 


* Comptes Rendus, October 23, 1854. 
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allow me to apply this instrument to direct and precise cyanometric 
observations. 

To convert this apparatus into a cyanometer, the plate with 
double rotation is removed; a Nicol’s prism is substituted for the 
doubly refracting prism ; a jointed screen, consisting of a frame upon 
which a sheet of white paper is stretched, is fitted to the objective 
extremity of the tube; between the two Nicol’s prisms a plate of 
quartz of 1 millim. in thickness is placed perpendicularly to the 
axis and a thin plate parallel to the axis, giving a violet tint, and 
its complementary colour in polarized light. The first of these may 
be taken out of the apparatus by a lateral aperture into which the 
piece supporting it slides; the second, fixed at one extremity of an 
alidade, is placed at the centre of the circle of polarization in a 
grooved piece; the rotation of this plate, independent of that of the 
analyser, is nevertheless measured upon the same circle by means of 
a vernier supported upon the other extremity of the alidade. This 
arrangement also allows the plate to be removed to regulate the 
instrument. 

The white light reflected by the screen, after undergoing the 
action of the crystalline plates, acquires a tint which depends upon 
the inclination of the axis of the thin plate to the plane of the 
principal section of the polarizer, and upon the azimuth of the 
principal section of the analyser. 

This system, as we shall see hereafter, allows the tint of any part 
of the sky to be reproduced with facility; but to operate with 
certainty, it is necessary that the intensity of the latter should be 
brought to the intensity of that with which it is compared ; for this 
purpose a second tube, furnished with two Nicol’s prisms, is fitted by 
grinding into a collar screwed to the first portion of the instrument 
parallel to the first ; the rays which have traversed these two systems 
are completely reflected at a right angle upon the hypothenuses of 
two isosceles right-angled prisms, by means of which the images, 
being brought together until they almost touch, may be examined 
at a single glance. The instrument being directed to the part of 
the sky to be observed, we try which is the azimuth of the analyser 
of the system for reproducing the tint, for which this tint approaches 
that of the other image most closely ; the latter is then brought to 
an intensity exactly equal to the former by a suitable rotation of the 
corresponding analyser; the difference of tint, if it exists, is thus 
more apparent, and may be corrected either by varying the azimuth 
of the analyser of the other system, or by slightly changing the 
inclination of the thin plate, so as to compensate the excess of green 
or violet light which occurs in the primitive tint. This comparison 
is very easily made with a little practice. 

By means of these two angles furnished by observation and the 
known thickness of the two plates of quartz, we may determine 
what I shall call the cyanometric state of a point of the sky, that is 
to say, the relation of the quantity of blue light ‘to that of white 
light, the mixture of which would produce the tint observed by the 
eye. From the thickness of the plate of quartz, we deduce, as has 
been shown by M. Biot, the rotation of the planes of polarization 
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relative to the rays of the principal tints of the spectrum; we know 
consequently the inclinations of the axis of the thin plate to each of 
these planes; we calculate the corresponding intensities of the emer- 
ging light by means of one of Fresnel’s formulz for thin crystalline 
plates. Lastly, we apply to these values Newton’s rule, reduced to 
formule by M. Biot, which allows us to determine the nature of the 
tint and its comparative intensity. 

To avoid calculating each observation, it will be convenient to 
construct double entry Tables, containing the cyanometric states 
corresponding with the azimuth observed. 

The mode of determining the origin of the angles is very simple. 
Before operating, the screen is removed, to allow a direct passage to 
the light; the plates of quartz are removed, and the azimuth cor- 
responding with the extinction of the polarized ray of the system 
reproducing the tint is noted, pointing it towards a brightly luminous 
part of the sky; this is easily obtained in a minute or two. The 
thin plate is then replaced and turned by means of the alidade until 
the extinction of the light again takes place; in this position the 
axis of the plate is parallel to the principal section of the polarizer. 

In order that the tint of the sky may not be altered, care must be 
taken to direct the principal section of the polarizer of the other 
system in the plane of polarization of the incident light; for this 
purpose, the polariscope with double rotation is employed, as I have 
already indicated in describing the polarimeter.—Comptes Rendus, 
November 17, 1856, p. 982. 


COMPARATIVE EXAMINATION AND ANALYSIS OF EUDIALITE AND 
EUKOLITE. BY A. DAMOUR. 

Eudialite, a mineral which receives its name from the facility 
with which it may be dissolved by acids, has only been observed 
hitherto in a single locality, Kangerdluarsuk, on the western coast 
of Greenland, where it was discovered fourteen years ago by Dr. 
Giesecke. ‘The numerous specimens which have been since collected 
in the same locality, exhibit this substance associated with sodalite 
and Arfyedsonite. 

More recently a mineral has been found in the zirconian syenite 
of Brevig, in Norway, the physical and chemical characters of which 
have much analogy with those of eudialite. This new mineral was 
first of all classed as a distinct species under the name of eukolite. 
Subsequently Scheerer analysed and thought that it might be 
referred to Wohlerite. The resemblance between eudialite and 
eukolite leading to a presumption that they might have the same 
composition, the author has submitted them to a comparative 
examination. 

Eudialite forms crystals derived from a rhombohedron of 73° 30’; 
it occurs also in crystalline masses, sometimes exhibiting a tolerably 
distinct double cleavage which leads to the hexagonal prism of 120°. 
Planes of cleavage parallel to the faces of the primitive rhombohe- 
dron and to those of a more obtuse rhombohedron, have also,been 
mentioned. Its colour is rose or violet-red, presenting tints identical 
with those of different varieties of almandine garnet. Eudialite is 
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sometimes transparent, but is usually cracked in every direction, 
and only translucent at the margins of its thin fragments. It 
scratches apatite, and is scratched by felspar. Its density is 2°906. 
With the blowpipe, it fuses into a transparent glass of a dull green 
colour; it is readily attacked by acids and reduced to a thick jelly. 

Eukolite forms small glassy fragments of a brownish-red colour, 
sometimes presenting two pretty distinct cleavages, which, as in 
eudialite, lead to a regular hexagonal prism. Some specimens 
exhibit a certain amount of transparency, but it is usually fissured 
in different directions. Its hardness is the same as that of eudialite; 
its density=3:'007. When examined with polarized light, it exhibits 
a single optical axis, like eudialite ; with this slight difference, that 
the axis is positive in eudialite and negative in eukolite. The che- 
mical characters of both are identical. The following are the average 
results of several analyses :— 


Eudialite from Greenland. 
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L 5 Oxygen. Proportions. 
NUT GEis apt as eis cee AM pore 0°5038 0°2616] ,. 
Tantalic acid........ 0°0085 ARTE hg 
WATCOMIAL Stein eit towet= a 0°1560 .... 0°0410 1 
Protoxide of iron ... 0:0637 0:0141 
Taine Sere Se adie cnet mens 0:0923 0:0262 “ 
Protoxide of manganese 0°0161 0-0036 (2 Hos : 
Oday ae. chase oe teme whe 071310 0:0336 
Chiorme: =... eae Ores 
Volatile matters...... 0°0125 

0:9937 

Eukolite from Norway. 
Oxygen. Proportions. 

Silicayeare aah 0°4570 tnt 0:2399 6 
Tantalic acid........ 0°0235 0°0027 
LAX CODIG tt ore tee lates 0:1422 0:0364 
Oxide of cerium. ..... 0-0249 ne ee OS oie D 
Protoxideof iron...... 0:0683 0:0152 
Oxide of lanthanium.. 00111 0:0016 
Ennre +See ee ee 0:0966 0:0274 $0:0792 2 
Protoxide of manganese 0°0235 0:0053 
Soda eta uate ee 071159 -0°0297 J 
Chiorme:s 208.2782 0°0111 
Volatile matters...... 0:0183 

0°9924 


The only difference is the presence of a few parts per cent. of 


oxides of cerium and lanthanium in eukolite which do not occur in 
eudialite. By adding the oxygen of the tantalic acid and silica, and 
that of the oxide of cerium to that of the zirconia, we get the same 
proportions for eukolite that Rammelsberg assigned to eudialite. 
These bodies may thus be represented under the same general for- 
mula,— 6RO + R208 +. 68103. 

—Comptes Rendus, December 29, 1856, p. 1197. 
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LIV. On the Motion of Electricity in Wires. 
By G. Kircunorr*. 


| HAVE attempted to establish a general theory of the motion 

of electricity in an infinitely thin wire, by assuming certain 
facts which are observed in constant currents, and in currents 
whose intensity alters but slowly, to be universally valid. I will 
here develope this theory, and show its application to some cases 
of a simple nature. 

I picture to myself a homogeneous wire possessing the same 
thickness throughout and of circular cross section. In the axis of 
this wire I take a fixed point and a variable one; the portion of the 
axis between both points I calls. Through the changeable point 
I permit a transverse section to pass, and call the polar coordi- 
nates of a point of this section, with reference to a system of or- 
dinates whose origin is the centre, p andy. I will calculate the 
electromotive force which tends to separate, in the direction of 
the length of the wire, the two electricities in the vicinity of the 
point determined by s, p and y. This force is partly derived 
from free electricity, partly from the induction which takes place 
in consequence of the alteration of the strength of the current in 
all parts of the wire. With regard to the first portion, we ma 
make use of the electrostatic law of Coulomb. Let V be the 
potential of the free electricity with reference to the point under 
consideration ; that is to say, the sum of all the single quantities 
of free electricity, each divided by its distance from the point. 
The quantities of electricity are here to be referred to a mecha- 
nical unit; the unit of electricity shall be that which, acting 

* Translated from Poggendorfi’s Annalen, 1857, No. 2. 

Phil. Mag. 8. 4. Vol. 13. No. 88. June 1857, 2E 
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upon an equal quantity at the unit of distance, produces the unit 
of force. In general, all. quantities which appear in this investi- 
gation—strength of current, resistance, &c.—shall be regarded 
as measured by a mechanical unit; in the manner often described. 
by W. Weber in his ‘Electrodynamic Determinations” We 
SV : me 
have there — Se 38 the force with which the free electricity 
strives to move the unit of positive electricity at the point under 
consideration in the direction in which s increases. An equal 
force tends to move the negative electricity in the opposite diree- 


tion. Therefore we have tice as the electromotive force de- 


rived from the free electricity, and acting at the point in question. 

In developing the value of V, I will assume that no other free 
electricity acts upon the wire than that which is in the wire itself. 
The quantity of free electricity which, at the time ¢, is contained 
in the element of the wire which corresponds to the element ds 
of the axis I will denote by eds; let ds! be a second element of 
the axis, and eds! the quantity of electricity contained in the 
corresponding element of the wire. I picture to myself a por- 
tion of the wire, whose centre lies in ds and the length of which 
is 2e, where € denotes a quantity which is to be regarded as infi- 
nitely small in comparison with the length of the whole wire, 
but as infinitely great in comparison with the radius of its cross 
section. When the element of the wire in which the quantity of 
electricity e'ds' is contained lies outside the above portion, we 
can imagine, in the calculation of V, its electricity to be concen- 
trated in the line ds', and the point to which V refers situated 
in the line ds. Hence the portion of V derived from the whole 
wire, with the exception of the portion alluded to, is 

elds! 


— ’ 


_ 
where 7 denotes the distance of the elements ds and ds', the in- 
tegration being extended over the whole of the central line, with 
the exception of the length 2e. With regard to the portion of 
V derived from the part separated, this can only be calculated 
when the distribution of the electricity within a cross section is 
known. I will assume that here, as in the case of a constant 
current, and of electricity im equilibrium, free electricity is to be 
found upon the surface only, and besides that its density is the 
same at all points of the periphery of a cross section, Denoting. 
by a the radius of the cross section, we have, according to this, 
the density of the free electricity at any point of the surface of 


° : 2 P e 
the portion of wire under consideration pt hence, as on 
‘a 
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account of its infinitely small length it may be regarded as 
straight, the quantity of V derived from it is 
: : or of aie Qa daldry! 

Wem V al? + a + p?— 2apcos(—w) 

Tn this expression «! has been written for s!—s, and W! denotes 
the angle between the radius drawn to an element of the surface 
of the wire and the line from which the angle y is reckoned. 
When the integration, according to 2’, is carried out, ¢, in com- 
parison with «and p, being regarded as infinitely great, we have 
the following expression :— 


e 20 
=F), A’ Cog 2e—log Va? + p?—2ap cos (W—)), 
that is, 


ea : 
=2e(log 2e— zal, dy! log V a? + p? —2ap cos w=). 
Setting 


if dfy' log WV oo? + p> — 2«p cos Ce) —f 0 
0 


the differential equation 
sU 190, 1 90 
Sp? p Sp p® Spr” 
must be satisfied, because the quantity under the sign of inte- 
gration multiplied by dy’ satisfies this equation for all the values 
of y'; but it is easily seen, by setting y/—y instead of ap! as 
the variable according to which the integration is to be carried 
out, that U is independent of y; hence we must have 
aU + l dU =O0: 
dp* “pdp’ 
but from this it follows that 
U=C, log p-+C,, 
where C, and C, denote two unknown constants. These may 
be easily determined by assuming p as infinitely small in com- 
parison with a; the carrying out of the integration in the ex- 
pression for U gives then 
U=2r log a, 
from which it follows that C, is =0, and U has this constant 
value for all the values of p. Consequently the portion of V 
derived from the piece 2¢ of the wire is 
2 
=2e log oa 


22 


0 
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! 
Sohne V=2e fa +(%, 5. reine pase eT 
o r 
where the integration is to be extended to the whole wire, with 
the exception of the portion 2e. 

We have now to form the expression for the electromotive 
force induced in the point under consideration, by the alteration 
of the intensity of the current in all portions of the wire. 

When in the element of a conductor, the length of which is 
I’, the intensity of the current denoted by 7’ changes, an electro- 
motive force will be induced by this change in a second element 
of the conductor, which, with reference to the unit of electricity 
of Weber*, is 

it}! 
=— see cos 0.05 
where 6 and 6! denote the angles formed by the two clements 
with the line drawn from the first to the second, 7 the length of 
this lie, and ¢ the constant velocity with which two particles of 
electricity must move towards each other, so that they may exer- 
cise no force upon each other. 

For all parts of the wire, excepting the piece of the length 2 
already alluded to, the electric current may be regarded as con- 
centrated in the central line: the portion of the induced electro- 
motive force now sought, which is derived from the wire, with 
the exception of the piece already mentioned, is therefore 


tal 
- ate = cos @. cos 6’, 


where 7’ is the intensity of the current which passes through the 
cross section of the wire at the place ds', 0 and 6! the angles 
which the elements ds and ds! form with the line which is drawn 
from the latter to the former, 7 the length of this line, and where 
the integration is to be extended throughout the whole wire, with 
the exception of the portion already referred to. 

In this portion the current must not be regarded as concen- 
trated in the central line, but in lieu of this it may be regarded 
as straight and parallel to ds. Through the first point of ds! let 
a transverse plane be placed cutting the wire, and let p! and ap! 
be the polar coordinates of a point of the plane, with reference 
to a system of coordinates whose origin is the centre, and whose 
axis is parallel to the line from which the angle yf is reckoned : 
if then the density of the current in the points determined by p! 
and wf! be J’, we obtain for the portion of the induced electro- 


* Elektrodynamische Massbestimmungen, 1846, p. 354 ; and 1856, p. 268. 
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motive force due to the portion of wire 2e, the expression 


a = ee p! dp! dnp! a!2dy! 
c? ls hang es St (a! +p? + p!?—2pp! cos (y!—p) )* 


As J' may be regarded as independent of 2’, the integration 
according to z may be easily accomplished: making use of the 
fact that ¢ is infinitely great in comparison with all values of p 
and p!, we obtain 


16(* (2739! 1 Sei Habito: VN 
= i 37 Papldyp' [log2e—1 — log vp + p?—2pp cos (p'—p) ]. 
But as 

a {20 
{ \ J'p! dp! dy =i, 
0 0 


16 Sz 
rae (log 2e—1) cr 


this expression is 


Qr sj! (ie Jai ibe. old ve 
as ae stha s V EPP BppleoseP—W) |. 
Hence the entire induced electromotive force is 

8 SW 


oot” 


where 
w=(r2 cos 6 cos 6! + 2i(log 2e—1) 


a (°23r 
—2 ( { J! p! dp! dip' log V p? + p'?—2pp! cos’ —p). 
0/0 


In the case of a stationary electric current, the density of the 
current is equal to the product of the electromotive force, referred 
to the unit of quantity of electricity, and the conductivity ; I will 
assume that the same also holds good when the current is not 
stationary. This assumption will be fulfilled when the forces 
acting upon the electricity, and which constitute the resistance, 
are so powerful that the time during which a particle of electri- 
city remains in motion after the cessation of the accelerating 
forces, and in virtue of its inertia, may be regarded as infinitely 
small, even in comparison with the small space of time which 
comes into consideration in the case of a non-stationary electric 
current. According to this assumption, if k be the conductive 
capacity of the wire, J the density of the current at the point 
determined by the values of s, p and ~ at the time ¢, we have 


398 M. G. Kirchhoff on the Motion of Electricity in Wires. 
the equation 
= —24(¥ £3) 
— Ste 3) 

From this expression for the density J, I deduce an expression 
for the strength i of the current, by multiplying the above with 
p dp dy, and integrating the expression with reference to p from 
0 to a, and in reference to Ww from 0 to 27; as V is indepen- 
dent of p and yr, when I make 


1 a (°2r 
w= al '( Wp dp dp, 


SV 4 Sw 
= — 2 i cat he ee ee (2 
: backs Ss + c 3) ) 


I obtain 


We have here 
ds! 
w= (re cos 6 cos @! + 2i (log 2r—1) 


4 o (2 (a ar 
me 
faaly, (4, Hpldp'dyp! pdp dyplog vp? +p? —2ppleos(y' —)- 
The integral 
("egriog vere Bepleas PH 
0 . 


is of the same form as that already considered and denoted by U: 
from the conclusions there stated, it follows that the integral is 
=27 log p', when p!>p, and =27logp when p’<p. Mul- 
tiplied by pdp, and integrated from 0 to a, it therefore gives 
this expression : 

a2 — pl? 


Te? (og A— so 


a (°2r 
{ i} Jo! do! dyp! =i, 
020 


the third member in the expression for w will be 


ata (3 2m 4? — pf? AL a i. 
2tloga+ yet J'p! dp! dy’; 
00 


and hence we obtain 


PY fy en eae [2 
v=fie cos 6 cos 6! + 2i(log“£—1) +f “ — Fai! dp! dy". 
Oe 0 


The remaining double integral cannot be reduced to a simple 
form, as J’ is an unknown function of p!; its value, however, can 


As we may set 
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be neglected in comparison with the member 2i(log=<—1), and 


for this we may set 27 log = if the thickness of the wire be only 
small enough in comparison with the dimensions of the figure 
formed by its axis; for then ¢ can be so chosen that log = shall 
be a number infinitely great, and ¢ notwithstanding infinitely 


small in comparison with the dimensions of the figure alluded 
to. In accordance with this supposition we have 


w=Bilog = + 47S cos 8 cos, to Jokiers§Q) 


where the integration is to be extended over the whole wire, with 
the exception of the length 2¢. . 

To the equations (1), (2) and (3), between the four quantities 
i, e, V, w, a fourth may be added. 

Let two transverse sections be supposed to pass through the 
commencing and terminal points of ds; through the first poimt 
passes in the time df into the element of the wire bounded by 
both, the quantity zd¢ of positive electricity ; through the second 
point passes in the same time out of the element of the wire the 


quantity of positive electricity (i +2ds) dt; the element. loses, 


therefore, in the time d¢ the quantity = ds dt of positive electri- 


city; the negative electricity flows in equal quantity and in the 
opposite direction through both cross sections; the element 
of the wire gains, therefore, in the time dt as much of negative 
electricity as it loses of positive; its free electricity, that is, the 
difference between its negative and positive, diminishes therefore 


in the element of time by Qe ds di: this free electricity is, how- 


ever, eds, and hence we have 


ated Piet Cen at? 


I will now develope further the theory contained in the four 


* The deduction of this equation is based on the supposition, that in the 
case of a non-stationary current equal quantities of the opposite electricities 
pass through every cross section of the conductor in equal times. If this 
supposition be, however, rejected, the equations would nevertheless hold 
good; it would then be merely necessary to define the intensity of the cur- 
rent as the arithmetic mean of the two quantities of electricity, which in 
the unit of time move in opposite directions through the cross section of 
the conductor. 
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equations distinguished by numbers, under the supposition that 
the form of the central line of the wire is such, that the distance 
between two of its points, between which a finite portion of the 
wire lies, is never infinitely small. By this supposition the case 
is excluded, that induction spirals are contained in the circuit, 
In this way we greatly simplify the equations (1) and (8). 

Let A denote the position of the element ds, and B and C two 
points upon the wire, at both sides of A and at a finite distance 
from it; then the integral 

eds! 


, ? 


extended over the whole wire, with the exception of the piece 
BAC, is a finite quantity, hence infinitely small in comparison 
with 2e log 2 ; hence in the equation (1) this integral must only 


be extended over the portion BAC, with the exception of the 
portion 2e. Denoting, therefore, by o the are between A and a 
variable point of the wire, the integral mentioned may be set 

_ (8 ede . (= 


Tr r 


ee e 


€ 


The quantity Z is a function of ¢, which approximates to the 


e : 
value = when o approaches 0; the integrals 


AB t AC 
( (<-£) do ea { (—£) de 
ale Tr oO e r oO 


have therefore finite values, for the function to be integrated will 
never be infinitely large ; hence instead of the integral in equa- 


tion (1) we may set 
AB eda { AC eda | 


ped re) 


@e o 


that is, 


AB AC 
elog — +elog—. 


The choice of the lengths AB and AC is arbitrary, only they 
must be finite in comparison to the length of the wire; for both 
we may set the half of this length: denoting the whole length 
by /, the equation (1) will be : 

2e l 
V=2e log — + 2elog 5, 
that is, 
V=2e log fy 
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Through considerations of the same kind it will be seen that the 
equation (3) receives a similar form; thus we have 


w= 2i log 4 


These values of V and w are to be substituted in equation (2) ; 
when this is done, setting, for the sake of brevity, 
lo a 
pa! 


and denoting the resistance of the entire wire, that is, the quantity 
l 


krra” 
by 7, we obtain 
i= —4, ee aL en a 
=U NSS St) 

From this equation, in connexion with equation (4), viz. 

Si Se 

Ss St? 
we have to determine 7 and e as functions of s and ¢. 

A partial solution of the differential equation is found by 

setting 

e=X sin ns 

1= Y cosns, 


where denotes an arbitrary constant, and X and Y are unknown 
functions of ¢. By this the equations become 


l 4 dY 
=—4y (0X4 37) 
dX 
2nY = Th 


From this we obtain, by eliminating Y, 


d?X cr dX — c?n? 
Ge) ied & ae 


The general integral of this differential equation is 
X=C,e—A! + C,e—Ae? 


where C, and C, are two arbitrary constants, e the basis of the 
hyperbolic logarithms, and , and A, the roots of the quadratic 
equation 

2 22 

ce edly Ie op dia 

P be Gy t 5) 0. 
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According to this the values of X, and A, are 


B27 :) | 
1 ta/1—- (Semi) 1— E 
ol = oan 


In order to form an idea as to whether these roots are real or 
imaginary, a particular case shall be considered. Let the wire 
be of the standard wire of Jacobi, the resistance of which has 
been measured by Weber. This is a copper wire of 7620 inches 
in length and 0°333 millim. radius. The value of y is, accord- 
ing to this, very nearly =1I0. Its resistance, according to the 
electro-magnetic unit of Weber*, was found to be 


=598.107, 


regarding the millimetre and second as units of length and time. 
To find the resistance according to the mechanical unit, that is, 


the value of 7, we must multiply the above value by a Now, 
as accor ding to the same units we have+ 


c= 4:39 101, 
we obtain 
r= 2-482, 10-5, 
and from this we obtain 


The quantity », which is still left undetermined, shall subse- 
quently be so chosen that n/ may be a multiple of 7, The ne- 
gative member under the vinculum in the expressions for A, 
and 2, will then be so large in comparison with | that it may 
be regarded as infinitely great. This circumstance carries with 
it a considerable simplification of the question. In the following 
we shall only investigate the case in which the same circumstance 
takes place, viz. where 
S2y 
re V2 


may be regarded as infinitely great in comparison to 1: this 
assumption will be the more nearly fulfilled the smaller the re- 
sistance of the wire, while the ratio of its length to its radius 
remains constant ; this resistance, however, may be considerably 
greater than that of Jacobi’s wire, without prejudicing the vali- 
dity of the results which we shall obtain. 


* Elektrodynamische Massbestimmungen, 1850, p, 252. 
+ Ibid. (Weber and Kohlrausch) 1856, p. 264. 
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According to the above assumptions, the values of A, and A, 
will be 


gia 
ht TaVva1 


where, for the sake of brevity, we have placed 


ny 


cr 
32q/ 


Introducing new constants in the place of C, and C,, the ex- 
pression for X may be brought to the form 


ip es cnt cent 
=e (Acos £ 5 + Bain a)" 


Hence we obtain 


emit ia 
- Slee Js8)e a8 at a = 7B) sin Ff 
I will assume that a bee i is =0, hence also Y=0; this con- 
dition gives 
Biman 
nc 


iV78 
The quantity ”, as above remarked, shall be set equal to a mul- 


tiple of ™ hence the denominator of the expression for B will 


be a multiple of ae Nie er 
: “AL 2? 
but the quantity here multiplied by z is 
wes BAY. 
"70 1/3” 


that is, the precise quantity which has been assumed to be infi- 
nitely great. Hence B will be infinitely small in comparison 
with A, and we may set 


ent 
X=A * et . Cos ———| 
V2 


Y=— 7) 7 
Multiplying these expresions respectively by sin ns and coszns, 
and setting the products equal to e and 7, we obtain a partial 
solution of the differential equations for e and i. This solution 
may be generalized by adding in it to s an arbitrary constant ; we 


ent 
—Ae-"*t sin —=. 
V2 
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thus obtain 
e=e-* cos (A sin ns + A'cosns), 
V2 
c 

2/2 
A particular solution of another form, which also satisfies the 
condition that for t=0, 7 vanishes, is 


i=— 


ent 
e-t sin —=(A cos ns—A! sinns). 
Va! ) 


e=a+bs, 
i=— om b(1—e7?"*) 
8h ‘i 


where a and } denote two arbitrary constants. That the two 
differential equations are satisfied by this is easily seen, by ob- 
serving that by introducing the quantity /, one of them assumes 
the form 
aed (ae “ei 
2u= — (< 35 + 3 . 
A solution is obtained which can be made to agree with the 
further conditions of the problem,’where e and 7 are made equal 
to the sums of partial solutions of the forms stated. 


We shall now examine more particularly the case in which the 
wire is one returning into itself. In this case e and 7 must have 
equal values for s=O and for s=/; and this must moreover take 
place whatever the origin of s may be; this requires that eand z 
are functions of s, which are periodic with regard to J; for this 
it is necessary that 


b=0 and n=m=, 


where m denotes an integer. We have thus for e and the fol- 
lowing expressions :— 


2 27 ¢ . 29 
aelteer «ce re Ga sin mT §, 
Me cea lan Ray ec 
1 1 V2 hye 
i=—5 SaeM Sn Ansin mT Sa tcosm=E s, 
+ Ea e- Mt Sm A! sin per Pape aan 8 
RTE bon Ll 72 U 


M. G. Kirchhoff on the Motion of Electricity in Wires. 405 


The constants a, A, A’ may be determined by the proposition of 
Fourier, when for ¢=0, e is given as a function of s. The solu- 
tion may, however, be reduced to another form, which shows its 
characteristics more plainly. 
For ¢=0, let 
e=f(s). 


Let the expressions under the sign of summation in e be modified 
according to the equations 


cosxsiny= isin (y+z)+4sin (y—2), 
coszcosy= icos(y+#)+cos(y—z), 
sin # sin y= —} cos (y+ 2) +4 cos (y—z). 


When it is considered that the function f is necessarily periodic 
with regard to /, we see that the expressions for e and 7 may be 
written as follows :— 


exatte-"| f(s + <i) +f(s— <1) 2a], 


j= — ee As+ St) - 
iim we" f(s+ WE: t) (s WE i). 
The quantity a is here determined by the equation 


a= {. fls)ds; 


that is, 7a is the quantity of free electricity which the whole wire 
contains. 

The expression for e shows a very remarkable analogy between 
the propagation of electricity in the wire, and the propagation of 
a wave in a tended wire or an elastic rod vibrating longitudinally. 
When a=0, that is, when the total quantity of electricity =O, 
the electricity resolves itself, if I may use the expression, into 
two waves of equal strength, which run in opposite directions 


through the wire with the velocity eH Here the density of 


the electricity diminishes everywhere proportionally with e~”. 
This diminution, however, in comparison with the velocity of the 
waves, is very slow. The time required by both waves for a revo- 
LV2 


lution is , and hence the ratio of the electric densities at a 


point before and after the revolution is that of 
1: aa v2 


c 


This ratio differs from 1 by an infinitely small quantity, as the 
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exponent of e, according to the assumption already made, is in- 
finitely small. In comparison to velocities which come within 
the range of our conceptions; the diminution of the electricity 
will certainly be always very speedy. If the wire were the 
standard wire of Jacobi, then Fz would be very nearly the 5,,5th 
of a second; and hence in this small time the electric density 
would diminish in the ratio of e: 1, that is, of 2°7: 1. 

When a is not =0, or when the mean density of the electri- 
city is not =O, the expression for e shows that the excess of 
density over the average changes exactly as if the mean density 
were equal 0. 

The velocity of propagation of an electric wave is here found 


to be = atta hence it is independent of the cross section, of the 
V2 ; 


conductivity of the wire, also, finally, of the density of the elec- 
tricity : its value is 41950 German miles in a second, hence very 
nearly equal to the velocity of light zm vacuo. 

When the wire is not one which returns into itself, the quan- 
tity 6 cannot be = 0, and the quantities x may have other 
values than in the case just considered. As regards the ends 
of the wire, certain equations are to be fulfilled according to 
the conditions to which the ends are subjected. If one end 
be insulated, at this end 7 must always be =O; if the end be 
placed in complete connexion with the earth, the potential V, 
and also e for all values of ¢ must here vanish. Thereis no dif- 
ficulty in forming the expressions for e and 7 for the cases that 
both ends are insulated, both connected with the earth, or one 
of them insulated and the other connected with the earth. In 
all cases a reflexion of the wave occurs at tle end at which it 
arrives. If the end is connected with the earth, a reversion of 
the wave accompanies its reflexion, that is, negative electricity 
proceeds from the end after it has been struck by positive ; at 
an insulated end the reflexion takes place without reversion, 
Hence when the end is connected with the earth, it corresponds 
in some measure to the fixed end of a rod vibrating longitudi- 
nally ; the insulated end, on the contrary, corresponds to the 
free end of the rod, 

We shall enter more fully here into the consideration of an- 
other case. We shall examine how the electricity moves in the 
connecting wire of a galvanic battery before the current has 
become stationary. I will assume that the resistance of the bat- 
tery is infinitely small in comparison with that of the wire con- 
necting its poles, and that one of its poles stands im perfect con- 
nexion with the earth. With this pole let the commencement. 
of the wire be connected, and with the other pole the end of the 
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wire at the time ¢=0. We may then assume that at-the com- 
mencement of the wire, or when s=O, the potential is always 
=0; and at the end of the wire, or for-s=/, it has a constant 
value depending upon the electromotive force of the circuit. 
When K denotes the electromotive force, this value must be 1K. 
The conditions tobe satisfied by the expressions for.e and i 
are therefore the following :— cS 


for s=0 we must have e=0, 
aes sl eee e= Kk, 


eee t=0 = ey: 
On account of the first condition, we must have the quantities 


A'=0 and also a=0. As for s=/, e is to be independent of ¢, 
the quantities n must satisfy the condition 


sin n/=0 ; 
that is, we must have 
71% z 
na=m T 
where m denotes a whole number. Further, in order that for 
s=l, e shall have the required value, we must make 


1 
b => Aryl K. 
Setting, for the sake of shortness, 
T C 
FP V2 vag i 
and 
oo) 


we obtain for the equation 
K 


Re —ht $ j > 
e dah Bmekjgtte mrt sin mp 
The constants A may be determined by the last condition: 
according to this, for all values of ¢ between 0 and 7 we must 
have 


K = ; 
a o=— 2m A,, sin md. 


But, by Fourier’s proposition, between the same limits we have 
the following equation :— 


o=—2 >n (—1)” Z sin md. 
m 
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Hence we have to set 
ak Ba 
An =“ (— 1) 4yt m , 
and we thus obtain 


“ess BY pteeu se cos mr sin mp}. 
If the corresponding expression be formed for i, remembering 
the equation by which it has been defined, we obtain 


« ™m 

i=— = (1—e=?) a: OAT >n (=1)" sin mr cos mo. 
r / Qe : m 
The meaning of these expressions shall now be developed ; in the 
first place that of the expression for #. It is our chief object here 
to find the value of the summation which appears in the expres- 
sion. We are to regard ¢ as a constant, and as a function of 7; 
this function is periodic as regards 277; it has further opposite 
values for t and 2%—7; it is sufficient, therefore, to find the 
values through which it passes when 7 lies between O and 7. 
We have 


on (41). sini mncos mp=} Sn(=D" sin m{t + ¢) 
1 1 


m m 
+3 3m (—))" sin m(t—¢). 
aT 
But when x lies between —a and +7 we have the sum 


Shek, sinme=—2; 

1 m 2 
and because it is periodic as regards 2zr, it is in general 

=—7(v%—2r), 

where p denotes that whole number, for which #— 2pm lies be- 
tween —7 and +7. With the limits which have been assumed 
for t, T—@ lies always between —7 and -+ 7, because for all 
points of the wire the value of ¢ is between 0 and 7. Hence 


we have 
1)” _7=—¢ 


ae sin m(r—¢) = 5 


With regard to the value of t+, this can be either greater or 
less than 7. We have 


>{—) sin m(r+y=— TE, when ¢ <7—7, 
sit TOP +a, when d>7—T. 


T 2 
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From this it follows that 


a cos mr cosmp= — —, when ¢ <7—7, 
eee ee when 6 >7—7, 


It is here supposed that 7 lies between 0 and 7; if it lies between 
aw and 277, we have the same sum, 


=T— oe when ¢ <T—7, 
and 
=> when 6>tT—7. 


To find the sum for greater values of 7, it is to be remembered 
that it is periodic as regards 27, 

From this it appears, that at every moment a point exists in 
the wire in which the intensity of the current suffers a sudden 
change or break. This point, at the time ¢=0, lies at the end 


of the wire, but moves from this with the velocity Fi towards 


the commencement, after reaching which it returns with the 
same velocity towards the end; turns here again, and thus tra- 
yels perpetually to and fro over the length of the wire. In each 
of the two portions into which the wire is at each moment divided 
by this point, the same intensity exists everywhere at that mo- 
ment; so that if s and ¢ be regarded as rectangular coordinates 
of a point, a line is described of the form of fig. 1]. The mten- 
sity before the point at Fig. 1. 

which the break occurs, 

considered without re- 

gard to itssign,isalways aaa ee 
the smaller, that behind ; 

the pointthegreater, the rue enna hn 
words before and behind 

being used with refer- 

ence to the direction in which the point moves. The figure 1 
is therefore true only Fig. 2. 

fora moment in which  - a : 

the point moves from = = 
the end towards the 

eee ie. eee 
wire, The figure 2 re- 

fers to a moment in which the opposite takes place. The mag- 


Phil, Mag, 8. 4, Vol, 13, No, 88. June 1857. 2F 
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nitude of the break is 
cK 


824 
or if we denote by J the value to which 7 approximates as the 


er ae 


time is inereased, that is, the value of =e 
e 
"8/24 
This quantity has its greatest value when ‘=0; but this, im ac- 
cordance with an assumption already made, is also infinitely small 
in comparison to J. The expression for the magnitude of the 
break may be more shortly written, when the time is introduced 
required by the point at which it takes place, or the time required 
by an electric wave to move through the length of the wire. 
Denoting this time by T, that is, setting 
1/2 
vies = " 


ce 
the expression is easily found to be 
—t el a 


As the time increases, the magnitude of the break diminishes, 
but so slowly that during the time T only an infinitely small 
diminution takes place. 

To obtain a complete view of the process, it is now only ne- 
cessary to examine the alterations of the strength of the current 
at the commencement of the wire. Let this, that is to say, the 
value of 7 for s=0, be 79; then making use of the symbols J 
and T, we find 


ig= J (1 —e7 2") 


e~*, 


J4AT ae 
== sin mr. 
7 


ett Sy, (2) 
jo am 

Setting for the sum its value, and remembering that 

ieaigsa 

aa Wk 
we obtain 

ig=J (1 —e7*") + J2he—™ (2pT —2), 

where p denotes the whole number for which 

t—2pT 

e 

is a proper fraction, positive or negative. p may also be defined 
as the greatest integer which is contained in the fraction 

t+T 

2T - 
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For values of ¢, for which the number p is not very great, the 
expression for 7) is capable of a considerable simplification. For 
such the quantity Az is infinitely small; and by neglecting mem- 
bers of higher orders, the equation for ig may be thus written : 

io=J . Mt +I2h(%T —2), 
that is, 
ig =pJA4AT. 


This expression shows that the intensity at the commencement 
of the wire is 0 up to the time when ‘=T;; here and at the times 
t=8T, ¢=5T, &c., it alters itself by jumps; and moreover the 
jump is twice as great as at other points of the wire. During 
the intervening times the intensity is constant. 


In a similar manner the expression for e may be discussed. 
We have 


Sn(—)" cos mer sin mb=1 Sn(—))" sin m(t + ) ; 
m 


1 m 1 


or as soon as T lies between O and 7, 


$ 


Sy? when 6 <7—T 

= —E 47, when 6 >17—T; 
if r lies between 7 and 27, we have the same sum, 

==£, when 6 <7T—7 


=- £42, when > 7—7. 
The second fact follows from the first, when it is considered that 
the sum has the same value for t and for 27—7. For greater 
values of 7, the value of the sum is found when we remember 
that it is periodic with reference to 2c. 

_ From this it follows that at each moment at some one point of 
the wire, e also suffers a break. This point always coincides with 
that in which the break for i takes place. e is always greater 
on the side of this point on which the end of the wire lies, and 
smaller on the side of the commencement. The magnitude of 
the break is 


—_ eaht P 
Ay 2 
or, denoting by E the constant value of e at the end of the wire, 
=He-*. 
At that side of the break on which the commencement of the 
2EF2 
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wire lies, we have 
e=B.>(l—e-") ; 


and on the side towards the end, 


e=BY ¢ (l—e~™) + em} 


Fig. 3. 


If e and s be made the 
rectangular coordinates 
of a point, then for a 
certain value of ¢ we 
obtain a line of the 
form shown in fig. 3; 
when ¢ does not exceed Fig. 4. 

a moderate multiple of Se 
T, the line has the form 

shown in fig. 4; the 

more ¢ increases, the 

more nearly does the ° 

figure approximate to the straight line, fig. 5. 


Fig. 5, 
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LY. On Parallel Lines. By J, P. Nicwox, Esq. 


To the Editors of the Philosophical Magazine and Journal. 

Observatory, Glasgow, 

GENTLEMEN, May 6, 1857. 
gees frequent appearance of late in your publication, of 
memoirs concerning the doctrine of parallel lines, assuring 
me that the subject continues to possess an interest, I have ven- 
tured to request insertion for the enclosed article, which has 
just been printed in a ‘Cyclopedia of the Physical Sciences,’ 
edited by myself. It contains views not touched by your corre- 
spondents. I shall not say that those views do, im my own 
opinion, exclude the applicability of other modes of solving the 
difficulty, or that they are in themselves free from objection, 
Nevertheless, I think that principles are indicated there, which 
must command a prominent place in any successful attempt to 
regenerate our elementary geometry. It is certainly out of rule 
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to ask you.to accept an extract from a published work: but, in 
the present case, the volume is only just published ; and as it is 
of a miscellaneous nature, the brief article of which a copy is 
now sent, may easily escape the notice of those of your corre- 
spondents who take a critical interest in the very curious subject 
under discussion. 
I am, Gentlemen, 
Yours truly, 
J. P. NicHou, 


Parallel Lines. 


“The characteristic of two lines in the same plane, to which 
the name of parallel is given in geometry, is simply this,—that 
although produced ever so. far either way they will never meet. 
The theory of these lines continues a stain on our elementary 
science. It is easy to prove, that if certain conditions are ful- 
filled when two lines cut a transverse line, these two will never 
meet, or must be parallel; but to establish the converse,—to 
prove, viz. that if the two lines are parallel, these same conditions 
are lawfully predicable,—has hitherto defied the logic of all geo- 
meters—a fact certainly most remarkable in this purely deduct- 
ive science: nevertheless, its causes do not appear remote. The 
existence of such a defect unquestionably argues some oversight 
in the list of geometrical axioms,—the oversight of the nature of 
some of our primal perceptions regarding magnitude: but it 
does not follow that the missing axiom has immediate relation 
to parallels, or that it ought to enable us to resolve directly the 
specific proposition at which the acknowledged difficulty first 
appears. On the very contrary, it may be asserted with abun- 
dant confidence, that nothing but failure could attend the effort 
—originated by Euclid, and since his time all but universally 
followed—to supply the deficiency by new postulates or axioms 
regarding parallel lines. To prove that under certain conditions 
two lines will never meet, or what is the same thing, that no 
triangle can be formed in such circumstances, involves no con- 
ception with which we cannot readily cope; but to deduce the 
properties of two lines postulated as parallels, involves a direct 
dealing with the positive idea of infinity—a task utterly beyond 
the reach of our faculties. Whether we have a positive idea of the 
Infinite, is a question concerning which the profoundest meta- 
physicians have differed and continue to differ; but, considera-. 
tion of the origin and formation of language, suffices of itself to 
leave no doubt, that we cannot speak of Infinity otherwise than as 
a negation, and therefore that no positive axiom can be laid down 
respecting it. : 


“ 
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“The truth is, there is an unfortunate and illogical inversion 
in the first book of the ‘ Elements.’ The proposition required 
by Euclid is the thirty-second, viz. that the sum of the three angles 
of a triangle is equal to two right angles; given that proposition, 
the difficulty about parallels disappears, inasmuch as their pro- 
perties may be deduced from it by the negative process, although 
with a certain difficulty: but Euclid deduces this proposition 
from the subject of parallels, having first assumed their theory 
under guise of what he most unjustifiably terms an axiom. If 
we are correct then, the question turns on this,—Can we logically 
establish the thirty-second proposition without appealing to the 
doctrine of parallels? Assuredly there is no reason, on the face 
of the subject, that should cause geometers to shrink from this 
attempt; but it is just as certain that the apparent difficulty of 
succeeding in it—attested by innumerable failures—indicates 
a defect in the statement of the usual axioms or fundamental 
propositions regarding our primary discernments concerning 
Space. The defect is a very important one: were it supplied, a 
great change would pass over all arrangements and methods 
of development in our elementary geometry. The defect is in 
Euclid’s inadequate conception of the necessarily distinctive nature 
of two definite attributes of geometrical quantity —form and mag- 
nitude. The Greek geometer did not trace out the manner in 
which we acquire our notions of these attributes ; and he did not 
therefore recognize it as an axiom, that the attribute of form has 
no dependence on the attribute of magnitude. The phenomena 
of universal belief indeed amply sustain the proposition,—‘Jf any 
Jigure exists or is conceivable, it must exist or be conceivable with 
the same form, whatever its magnitude ;’ or any other statement 
involving the truth, that in our perception of the geometrical qua- 
lities of an object, form alone is definite, magnitude being indefinite. 
The physical process of perception reveals the root of that belief ; 
the notion of magnitude involving an estimate of the distance of 
the object, while the notion of form is, at its source, independent 
of every variable quantity. These views may be sustaimed by 
the high authority of Laplace. The following is a note attached 
to his Systéme du Monde :—‘ Les tentatives des géométres, pour 
démontrer le postutatum d’Huclide sur les paralléles, ont été 
jusqu & présent inutiles. Cependant personne ne révoque en doute 
ce POSTULATUM et les théorémes gu’ Euclide en a déduit. La per- 
ception de V’étendue renferme done une propriété spéciale évidente 
par elle-méme, et sans laquelle on ne peut rigoureusement établir 
les propriétés des paralléles. L’idée @une étendue limitée, par 
exemple du cercle, ne contient rien qui depende de sa grandeur 
absolue. Mais si nous diminuons, par la pensée, son rayon, nous 
sommes portés invinciblement a diminuer, dans le méme rapport, sa 
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circonférence et les cétés de toutes les figures inscrites. Cette 
proportionalité me parait étre un PostuLATUM bien plus naturel 
que celui d’ Euclide,’ 

“Tt is remarkable that Legendre’s effort to demonstrate the 
thirty-second proposition by aid of a functional equation, is 
nothing else at its root than an implicit statement of the very 
ax.om we contend for. Sir John Leslie’s objections to the pro- 
cess of Legendre were puerile; the Edinburgh geometer wholly 
forgot that constants might enter into the equation; and that 
while there are constants among angles, there are none among 
lines. But these objections are not a whit more puerile than the 
subsequent defences of the Frenchman’s process by Baron Mau- 
rice of Geneva.” 


LVI. Note on Parabenzole, a new Hydrocarbon from Coal- 
Naphtha. By Axtuur H. Cuurcn, F.C.8S.* 


ws gees hydrocarbon which forms the subject of the present 

communication first attracted my attention in 1855, in 
the course of some researches on the benzole series+; and as I 
could not identify it with any known member of that series, and 
as its study seemed calculated to throw some light upon the dif- 
ficult question of isomerism, I endeavoured to discover some 
characteristics which might enable us to discriminate between 
it and other hydrocarbons having the same centesimal compo- 
sition. In the present paper I give an account of the facts which 
I have already noticed; I no longer withhold them, although my 
observations will, I fear, be found very fragmentary; but the 
pressure of other duties has hitherto prevented and is likely still 
to prevent me from giving to the subject the attention it deserves. 

In every sample of light coal-naphtha that I have as yet ex- 
amined I have detected the presence of a hydrocarbon, alluded 
to in my first memoir on the benzole series, and there stated to 
boil at 97° C. This oil, hitherto I believe unrecognized, I have 
obtained in considerable quantities with a perfectly constant 
boiling-point of 97°°5: this boiling-point alone is sufficient to 
distinguish the new substance from benzole, which, according to 
my determination, boils steadily at 80°°8. The analysis of the 
body boiling at 97°5 gave exactly the per-centages required by 
the formula C!* H®, as the following numbers show :— 

I. *2115 grm. of oil gave ‘7155 grm. carbonic acid and 14.65 

. water. 

II. *2095 grm. of oil gave *709 grm. carbonic acid and -145 

grm. water. 


* Communicated by the Author. 
+ Phil. Mag. 8. 4. vol. ix. pp. 256, 453. 
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The comparison of the theoretical and experimental per- 
centages of carbon and hydrogen gives the following results :— 


Experiment. 
Theory, C H®. I. Il. 
Carbon.) °.°*s" 92°31 92°26 92°29 
Hydroren 0". 7-69 7°69 7°68 


If a test-tube containing benzole and another with the new 
substance be placed im an appropriate freezing mixture, the ben- 
zole, as is well known, solidifies at 0° C.; but not so the other 
hydrocarbon, which, indeed, I have not been able to obtain in 
the solid form. The odour of the new hydrocarbon is slightly 
alliaceous, and more disagreeable than that of pure benzole. 

Parabenzole, for so I provisionally name this new hydrocarbon, 
yields two nitro-substitution products: of the preparation and 
properties of these I will now give the details. For the prepa- 
ration of the first nitro-compound, five volumes of pure nitric 
acid, of spec. grav. 1°5, were taken, and two volumes of the hy- 
drocarbon added in small portions to the nitric acid, which was 
kept cool. When the oil no longer dissolved immediately in the 
acid, a little more of the latter was added, and afterwards the 
mixture was allowed to stand aside for an hour. At the end of 
that time the whole was thrown into water, and the heavy oil 
which settled washed first with water, and then with a dilute 
solution of carbonate of soda. The product was finally dried 
with chloride of calcium: it nearly equalled in volume the hy- 
drocarbon employed. The nitro-compound thus prepared is 
orange-yellow, of aromatic odour, very similar to, but perhaps 
not quite so pleasant as that of ordinary nitrobenzole. It boils 
constantly at 213° C., the boiling-point of nitrobenzole. 

The second nitro-compound was obtained as follows:—To a 
mixture of fuming sulphuric and nitric acids, in the proportion 
of 2:3, two volumes of the hydrocarbon were gradually added. 
Though each drop of oil produced a violent action and appeared 
to dissolve, yet when the whole had been added, an orange- 
coloured fluid floated on the surface of the mixed acids. After 
this the whole was boiled for some time and the dinitro-com- 
pound precipitated by water and, as it was still contaminated 
with the first nitro-compound, purified by a second treatment 
with nitro-sulphuric acid, and by several recrystallizations from 
alcohol and water. The substance thus obtained is a crystalline 
solid, slightly soluble in boiling water. From this solution it is 
deposited in long, flexible, white needles; or if the solution be 
acid, in long, hard needles, brilliant, and of very considerable 
size. It is almost absolutely colourless. It fuses when pure, 
and crystallized from water, at 88° C., solidifying at 86°. The 
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fusing-point of dinitrobenzole has, I believe, never been accu- 
rately ascertained. Gerhardt states that it is under 100° C. 
According to my determinations, the fusing-point of dinitro- 
benzole crystallized from alcohol is 85°-5, and the solidifying- 
point 83°°5; but on repeating the experiment with a preparation 

urified by recrystallization from water, I found the fusing-point 
to be 88°, and the solidifying-point 86°. 

The original hydrocarbon left in contact with Nordhausen 
sulphuric acid for some days, perfectly dissolves with the produc- 
tion of a reddish colour. Four volumes of sulphuric acid were 
employed for each volume of parabenzole. If the solution be 
thrown into water the colours disappear, and an acid which 
yields a soluble baryta-salt is found in the liquid. This baryta- 
salt is deposited only when the solution has reached a very con- 
siderable degree of concentration, and exhibits traces only of 
erystalline structure. It is almost insoluble in dry ether, very 
slightly soluble in absolute alcohol. It may be purified by 
washing with ether (whereby a yellow colourmg matter is re- 
moved), and solution in dilute alcohol. An analysis gave the 
following numbers :— 

"434 erm. of salt gave +2215 grm. sulphate of baryta. 

This corresponds to 51:03 per cent. of sulphate of baryta. 


The formula C!* H® Ba 2SO3 requires 51:22 p. ¢. of BaSO* 
wee C4 H7 Ba2S8O0% _.... —s 48°65 aie 
Experiment gave . . . 51:03 


Thus there is no doubt, that although the boiling-point of the 
original hydrocarbon is much nearer that of toluole than that 
of benzole, yet the new substance is really an isomer of the 
latter body. The copper-salt of the sulpho-acid, prepared by 
precipitating the baryta-salt with sulphate of copper, is exceed- 
ingly soluble in water, and unlike the beautiful sulphobenzolate 
of copper, requires the microscope to show that it possesses a 
erystallme structure, for it is not without action on polarized 
light. 

othe copper-salt, treated with sulphuretted hydrogen, deposits 
brown sulphide of copper; and when filtered from this and heated 
to separate sulphuretted hydrogen, the solution contains an acid 
giving no precipitate with carbonate of baryta, but dissolving it 
abundantly, becoming neutral, and yielding on evaporation the 
original baryta-salt, but in a state of perfect purity. 

The sulpho-acid crystallizes from its aqueous solution when 
evaporated im vacuo over sulphuric acid in small prisms, very 
slightly if at all deliquescent. It is pleasantly sour, with a bitter 
after-taste. It dissolves metallic oxides, yielding salts: that of 
ammonia is very soluble in water and alcohol, insoluble or nearly 
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so in dry xther. A determination of copper in the copper-salt 
gave the following results, the copper being precipitated by pot- 
ash and determined as oxide :— 


‘482 erm. of salt gave ‘0995 grm. of oxide of copper. 


This corresponds to 16°51 per cent. of metallic copper, while the 
formula C!? H°Cu2SO° requires 16°79. The salt had been 
dried at 100° C. 

In the following Table a few of the compounds of parabenzole 
are compared with those of benzole. The formule of the mem- 
bers of both series being identical, are given in the central column. 
I may as well state in this place, that the parabenzole employed 
in all my experiments, originally obtained by the fractional di- 
stillation of coal-naphtha, had been submitted to a temperature 
of —20° C. in order to separate benzole, that it had been distilled 
off sodium, and possessed, when thus purified, a perfectly con- 


stant boiling-point. 
Derivatives of Paraben- 


Derivatives of Benzole. zole. 
Benzoleboilsat80°8c. I. C!? H§ Parabenzole boils at 
and solidifies at 0°. 97°°5, and does not soli- 


dify at —20° C, 


Sulphobenzolicacidery- I]. 1. C!2H®2S0% Sulphoparabenzolicacid 


stallizes magnificently in crystallizes diffieultly, is 
vacuo over sulphuricacid: perhaps slightly deliques- 
is exceedingly deliques- cent. 

cent. 


Sulphobenzolate of ba- 2, C!* H° Ba 2803 Sulphoparabenzolate of 
ryta crystallizes in pearly baryta dries up in vacuo 


seales: once deposited toagummy mass, isalways 
from their aqueous solu- exceedingly soluble, and 
tion, these erystals do not shows scarcely a trace of 
very readily redissolve. crystalline structure. 


Sulphobenzolateofeop- 3, C!2 H5 Cu 2803 = The copper-salt of the 
per occurs in pale, blue, new acid occurs as a 
voluminous crystals of bluish, semi-transparent, 


pearly lustre, not very so- amorphous mass, exces- 
luble in water: they con- sively soluble, containing 
tain water of crystalliza- no water, in fact anhy- 
tion, but are anhydrous drous below 100° C. 

at 170°. 


Nitrobenzole boils at J[II. C!2 H® NO* The nitro-compounds 
213°. Dinitrobenzole JY. (12 ]{42NO0?! derived from parabenzole 


fuses at 88° and solidifies present exactly the same 

at 86°. physical characteristics as 
those derived from ben- 
zole. 


It would seem that in parabenzole we have an isomer of ben- 
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zole perfectly definite in its properties, but capable of passing 
into the latter hydrocarbon by treatment with such powerful 
reagents as nitrie and nitro-sulphuric acids. The existence of at 
least two distinct yet very similar sulphovinic acids, should not 
be forgotten ; and, as I have shown* some time ago, these acids 
have their parallels in the methyle series. The derivation of 
these isomeric acids can, however, be represented by rational 
formulz ; while the transformations of turpentine, styrole, and 
other similar bodies are still obscure. And an observation which 
I have made throws, I believe, some light upon these metamor- 
phoses. Cymole prepared from oil of cumin and purified by di- 
stillation from sodium, boils, according to my determination, at 
170°7 ; while camphogene, an isomer of cymole obtained from 
camphor by the action of fused chloride of zinc, boils at about 
175°. This isomer of cymole has, however, an odour very dif- 
ferent from that of the natural cymole. But Gerhardt, in his 
treatise on Organic Chemistry, has the following remark :—“ Le 
cyméne qu’on obtient par la métamorphose du camphre ne pré- 
sente pas ’odeur citronnée du cyméne naturel; mais on peut 
communiquer a ce dernier la méme odeur qu’au cyméne factice, 
en le traitant 4 chaud par l’acide sulphurique concentré, et en 
Pen séparant de nouveau par l’addition de Veau.” I have, in 
fact, found that natural cymole, boiling at 170°-7, passes, by 
treatment with sulphuric acid, into an oil undistinguishable in 
any respect from camphogene, the artificial cymole, and boiling, 
like it, at 175° or 176°. 

The circumstances in which the remarkable metamorphoses of 
cymole, &c. are effected, and the peculiarities of the products, 
seem to pomt to the possible equivalency of isomerism among 
compounds to allotropy among elements, in many instances at 
least. 


Lincoln College, Oxford, 
May 1857. 


LVII. Note on the Summation of a certain Factorial Expression. 
By A. Cayuny, Esq.t 


M* KIRKMAN some months ago communicated to me a 

formula for the double summation of a factorial expres- 
sion, to which formula he had been led by his researches on the 
partition of polygons. The formula in a slightly altered form is 
as follows: viz. 


* Phil. Mag. July 1855, and January 1856. 
+ Communicated by the Author. 
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> [ety +2)" [2] [rtk—a—y]i [r—1—ay 
TAN We, aut: bie, Lead eles 

Qk [r+k+2]* [r]* 

=> ae eS 3 

r+3 fers [ky* 
the summation extending from z=0 to e=r—1, and y=0 to 
y=k—1. In the particular case when k=7, then all the terms 
of the series except those in which y=a vanish; and putting 


therefore k=r and y=2, and making a slight change in the form 
of the right-hand side, the formula becomes 


[2a+2]" [2r—22]""'~* of eee Wy 
[a+ Lid lpa [r—2]"* ior [r— re “ 
the summation extending from z=0 to v=r—l. 
We have in the notationof Gauss [m]”=m.m—1...2.1=IIm, 
and a factorial [m]” is expressed in terms of the function II by 
the formula [m]"=IIm-+II(m—n). Write also 


II, (m— 3) =(m—3)(M—F) oe Feds 


we have 
T12m= 2°" II mII ,(m—+) 
TI (2m+1)=27"*'IImII (m+ 3). 
And transforming the factorials by these formulz, the series 
becomes 
, Uy(e+ HM (r—e—}) _ WT r+) 
~ T(¢+2)0(r—z#+1) Il(r+3) ” 
the summation, as before, from a=0tov=r—1. This may be 
written 
siie+2) Wie—#—2) ‘Te HU gg ees 8r(r+ 2) 
WG) II,(r7—4) UW(#+2) W(r—a#4+1) (77 +2)(r4+3) 
the summation from x=0 to z=r—1, The general term does 
not vanish for z=r or z=r+1, but it vanishes for all greater 
values of 2; hence if we add to the right-hand side the two 
terms corresponding to z=r and «=r-+1, the summation may 
be extended from v=0 to z=7+1, or what is the same thing, 
from «=O indefinitely. The two terms in question are 
A(r-+3) , —8-4+3(r+3) _ Arlt) 
r+2 (r+2)(r+3) (r+2)(r+3) 
and the resulting equation is 


= Uie+3) Weg) 2 _Wer+1) _ _ar(r+3) 
MG) Uhe—z) U@+2)Ner—#+l) (+243) 


the summation from =O indefinitely ; or substituting for the 


= zZi[f 
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functions II and II, their values, the formula is 


l 3 .(r+1) es 3 .8(r+1)r 3.5.2 (r+ 1)r(r—1) 
+ 3.(¢—}) *3.40—9)0 acre) =H 8.4.50-—3)(r— 3) 8) 
r(r+3 
FBS easy 


which is a formula obviously belonging to the theory of the hy- 
pergeometric series 

‘ a.B a.at1.8.8+41 

ere) er 1.2.y.y7+1 

but the formula applicable to the case in hand has probably not 
been given. It may be proved as follows, premising that I dis- 
regard all difficulties arising from infinite values of the functions 
in the definite integrals, convergency, &c. We have 


1 
{ 62-1(1—0)-*-7-1(1 — 0) dO 
it) 


_ TW (a—1)fl(—e—y—1) “a.B _aa+1.8.B—1, 
- Il(—y—1) (ltt e+ 1.2.y.y—1 +a) 
Now we have 


(je aoa —x0)P 


z+ &e.; 


1 
= (B+DB+2)0 
1 1 ® 


~ BFHC+2 &* Cre’ 
and hence multiplying by dz and integrating from #=0, and 
again multiplying by dw and integrating from w=0 to e=1, 
we find 


(1—#6)?*? 


4 1 
f do.9*— are do. e°-(1—@)-7-7- 
8 0 


- (+2)( 0 Pod ae 


(8+1)(8+2)U(a—1)0(—a—y—-1) , 
a Sag ar ae aR 


S, 
if for shortness 
Be for ea Bi ts Ore lak» ere 
i ale 3.4.y.y—1 
Substituting for the definite integrals their values, 
II(2—3)II(—a—y+B8+1) _ I(a—3)I(—a—y—1) 
Il(—y+A8—1) U(—y—3) 
II («—2)II(—a—y—1) 
+ (8 +2) ———_—__a> 
(O42) Ty) 
_ (B+1)(8+2)M(@—1)(—2—y—1) 1g 
re IIl(—y—1) ald 


+ &e. 
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whence (23) 11 B II( ) 
1 __Tla+3 —a—y+B +1) wow es by 
(8+1)(8+2)S=F = | ~ TW(-a-y—l) T(—7+8=1) 


) 
_ H(«—3) M(—y—1) 
TI(e—1) N(—y—3) 


TI(4—8) 1(—y—1) 
+02) Teel) Vie 2) 


The second and third terms are 


which are 


mai ce (a8-+2a—28-+y—2). 


For the reduction of the first term we have 
I (—«—y+8+1)=[8+1—a—y]?"0(-a—y—1), 
W(@—y—1)  =[S—y—1]*(—y—-1) § 
and we thus find 
MB+1)(8+2)(a—1)(a—2)8= - 
(8+1—a—y)"" _ (y+1)(a8 + 2a—28-+9—2); 


[8—y—1]* 
where, as before, 
i, a.8  a.ea+1.8.8—1 
Seat t geet 3 4.y.y 1 + &e., 


which is the formula in hypergeometric series required for the 
present purpose, and which is certamly true when the series is 
finite. 

Write now : 
a=§, B=rtl, y=r—3; 
then the first term is [1]’*”+[4]’*’, which vanishes on account 
of the numerator, and the second term is —37(7 +43), and we 
have consequently 

—ar(r+2)(r+3)2 -g8=—pr(r+2), 
which gives 
47 (r +4) 
~ +42) +3) 


S being here the series in r, the sum of which was required, and 
the particular case of Mr. Kirkman’s formula is thus verified. It 
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is probable that the general case might be treated in an analo- 
gous manner by first grouping together the terms which corre- 
spond to a given difference a~y, and ultimately summing the 
sums of these partial series; but I have not examined this 
question. 


2 Stone Buildings, W.C. 
April 18, 1857. 


LVIII. Note on a Theorem relating to the Rectangular Hyperbola. 
By A. Cayusy, Esq.* 


De following theorem is given in a slightly different form 

by Brianchon and Poncelet, Gergonne, vol. xi. p. 205, viz. 
Any conic whatever which passes through the three angles of a 
triangle and the point of intersection of the perpendiculars let 
fall from the angles of the triangle upon the opposite sides is a 
rectangular hyperbola. And there is an elegant demonstration 
depending on the properties of the inscribed hexagon. The 
theorem is, however, a particular case of the following: viz, “Any 
eonic whatever which passes through the four points of intersec- 
tion of two rectangular hyperbolas is a rectangular hyperbola,” 
And this, again, is a particular case of the following: viz. If 
there be a conic 2 and a line P, then considering any two conics 
U, V such that the points of intersection of P, U are harmonics 
in respect to the points of intersection of P, Q, and the points 
of P, V are also harmonics in respect to the points of intersection 
of P, ©, then any conic whatever W which passes through the 
four points of intersection of U, V will have the like property, 
viz. the points of intersection of P, W will be harmonics in 
respect of the points of intersection of P, ; a theorem which 
is an immediate consequence of the theorem that three conics 
which intersect in the same four points are intersected by any 
line whatever in six points which are in involution. 


2 Stone Buildings, W.C. 
April 23, 1857. 


LIX. On the Natural Groupings of the Elements. By Wi.11aAM 
_ Ovuine, M.B. Lond., Professor of Practical Chemistry, Guy’s 
Hospital ; Secretary to the Chemical Society*. 


Part I. 


a certain elements have certain properties in common is 

now a time-honoured doctrine in chemical science ; but 
the majority of chemists have been satisfied with a simple ad- 
mission of the fact: they have not investigated the extent of 


* Communicated by the Author. 
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the association, nor availed themselves of it as a means of clas- 
sification. On the contrary, although the groupings of the ele- 
ments are as real and certain as the natural families of plants and 
animals, yet we find constantly, in our systematic treatises, that 
bodies manifesting the strongest analogies are widely separated 
from one another, while bodies belonging to very different groups 
are conventionally associated. 

The existence of certain important natural families has been 
successively pointed out by different chemists. I propose to 
make some modifications in the groupings hitherto proposed, to 
construct a few new groups, and to point out the principal ana- 
logies by which the members of each particular group, old or 
new, are associated; relying chiefly upon well-known recorded 
facts, but occasionally introducing fresh experiments and obser- 
vations. 

The most prominent relations which obtain among the elements 
are the relation of parity or equality, and the relation of series 
or gradation; but an aliquot or multiple relation is also occasion- 
ally manifested*. The relation of parity is illustrated in the 
case of the twin-metals nickel and cobalt, and the relation of 
series in the triad chlorine, bromine, and iodine. The multiple 
relation is not shown by any such glaring instance. Some ap- 
parently multiple relations may indeed be only uncompleted 
relations of gradation, of which occurrence palladium and plati- 
num afford a possible example ; while other numerically multiple 
relations are scarcely supported by analogy of properties, as 
happens with platinum and gold. Frequently, however, we find 
that two proportions of one metal are isomorphous with one pro- 
portion of another, as is the case with copper and silver. 

In attempting a natural classification of the elements, we must 
have regard, though not an equal regard, to all the properties 
they manifest; or in other words, we must be guided by the 
totality of their characters. If we find that two or more elements 
form a large number of compounds of analogous composition, 
and if, moreover, these analogous compounds present a marked 
similarity of properties, we shall generally be justified in asso- 
ciating the elements in question, despite the generation by each 
of compounds to which the other furnishes no analogues. More- 
over, if we find a marked general accordance in properties, we 
must overlook a discrepancy in some one particular set of pro- 
perties, or regard it as pertaining only to the imperfect state of 
our knowledge. In considering the relation of gradation more 
especially, we must be careful not to mistake differences in degree 
for differences in kind. The protosalts of iron and copper show 


* These relations correspond generally with those pointed out by Glad- 
stone, Phil. Mag. §, 4. May 1853, 
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a general correspondence ; but iron manifests a tendency to form 
persalts, copper to form subsalts, and hence the two metals are 
usually widely separated in our classifications. I hope to show 
that they form with nickel a most characteristic natural family. 
Again, arsenic produces acid oxides, and bismuth basic oxides ; 
but the antagonism disappears on the introduction of antimony 
as an intermediate term. I am inclined, indeed, to place great 
confidence in gradational differences, not as a means for sever- 
ance, but for association. 

That certain natural families have not long ago been recog- 
nized and made available in practice, has arisen, I believe, from 
the accordance of an undue consideration to certain unimportant 
differences. Our attention has been arrested by the most su- 
perficial rather than by the most fundamental characters. For 
instance, the sulphydrate of magnesium is soluble in water, 
that of zinc in acidulated water, that of cadmium in moderately 
strong acids. Hence the three metals, despite their great ana- 
logies, have been referred to three artificial classes. The point 
I wish to establish is, that, in our attempts at classification, we 
must rely upon natural characters, and not upon some arbitrary 
rule, such as the degree of temperature at which a metal decom- 
poses water, or the strength of acid in which a metallic sulphide 
is soluble. Doubts may ever arise as to the proper distribution 
of some particular element, but the existence of natural families 
of elements, to which all artificial arrangements must give place, 
is I conceive indisputable. 


Grove I. Fluorine—Chlorine, Bromine, Iodine. 


These four substances have one marked property in common, 
a property not pertaining to any other element with which we 
are acquainted, namely, that of combining with hydrogen in the 
proportion of atom to atom, gaseous atomic volume to gaseous 
atomic volume. The combinations moreover take place without 
any condensation ; the resulting compounds are powerful acids, 
and exhibit a general resemblance in their characters and beha- 
viour. Chlorine, bromine, and iodine present a marked simi- 
larity and gradation of properties. Fluorine is separated from 
the other members of the group by certain specialities. 

The atomic weights, which also express the vapour densities 
referred to hydrogen, form a remarkable sequence* :— 


Cl. . 855 862425 
Be iks..2)800 3 = 808 
T+ .127-0 


Sum = 242°5 Mean difference = 44? 


* The atomic numbers made use of in this paper are those employed by 


Phil. Mag. 8. 4. Vol. 13, No. 88. June 1857. 2G 
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The atomic weight and specific gravity of fluorine, or 19, is 
rather more than half that of chlorine, 

Chlorine, bromine and iodine, when in the liquid or solid 
state, have, according to Kopp, the same atomic volume, namely 
160. Bromine and iodine have sensibly the same atomic heat ; 
6:7 and 6'8 respectively. All four bodies in the free state mani- 
fest powerful affinities. Fluorine, however, appears to be by far 
the most energetic. Chlorine, bromine, and iodine are capable 
of replacing hydrogen by equivalent substitution in a great variety 
of compounds, mineral and organic; in the latter, more espe- 
cially, with but a slight modification in the properties of the 
original bodies. Analogous fluorides, chlorides, bromides, and 
iodides are for the most part isomorphous. The fluorides, chlo- 
rides, &c. of hydrogen and the basylous metals have a great 
tendency to unite with the protochlorides, bichlorides, and ter- 
chlorides, &c. of the chlorous metals. The chloride, bromide, and 
iodide of hydrogen yield a large number of corresponding oxides, 
thus :— 


C1 Cl H Cl* H Br HI 
Chlorhydrie acid. 
C1 ClO HClO H BrO? ii 
Hypochlorous acid. 
H ClO? A % 
| Chlorous acid. 
H ClO? | HBr’ HIO® 
Chlorie acid. 
H C104 5 HIO4 
Perchloric acid. 


Chlorine moreover forms a peroxide, C102, or rather C10?.C10? 
=Cl?O*. Neither fluorine nor fluoride of hydrogen yields oxy- 
genized compounds. Fluorine is moreover distinguished from 
the other three members of this group by its capability of 
reacting upon and dissolving certain insoluble mineral acids, 
such as the silicic, columbic, tungstic, &c., and by its greater 
tendency to form insoluble salts. Fluoride of silver, however, 
is very soluble. 

Iodine is possessed of metallic opacity, brilliancy and colour. 


Group II. Qxygen—Sulphur, Selenium, Tellurium. 
An atom of each of these elements unites with two atoms of 
hydrogen to form a compound which is either neutral or feebly 


Dr. Miller in his ‘ Elements of Chemistry,’ save that in some cases they 
have undergone multiplication so as to correspond with M. Gerhardt’s 
system of formule. 

ig rs ‘Chemical Method,’ Cavendish Society’s translation, pp. 483 
and 349, 
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acid. One gaseous atomic volume of the element unites with 
two gaseous atomic volumes of hydrogen to form two gaseous 
volumes of the compound,—the condensation consequently 
amounting to one-third. Sulphur, selenium, and tellurium ex- 
hibit a marked similarity and gradation of properties. Oxygen 
manifests a general resemblance to the other three terms, and 
appears to bear towards them much the same relation that fluo- 
rine bears to chlorine, bromine and iodine. The atomic weights 
and vapour-densities occur in sequence :— 


S = 82 239°2 

Se = 79:2 Fae motel 

R — 128°0 

Sum 239:2 Mean difference = 48. 


The atomic weight and specific gravity of oxygen, or 16, is 
exactly half that of sulphur. The specific heat of the atoms of 
sulphur, selenium and tellurium, is double that of most of the 
metals*. The atomic volumes of sulphur and selenium, or 101 
and 103 respectively, are sensibly equal. The number for tel- 
lurium is 128, the want of relation being possibly due to a want 
of correspondence in allotropic condition. 

Oxygen and sulphur, possibly also selenium and tellurium, 
unite with hydrogen in a second, and probably in several other 
proportions. The series, including some derived members, is as 
follows :— 


Cl? S H?S K?S K?0 H?0 cl?0 
Chloride of Hypochlorous 
sulphur, anhydride. 
Cl? S? ia et A Se ea lo - 
Dichloride of Peroxide of | Peroxide of | 
sulphur. barium. hydrogen. | 
H? 83? K293 | K? O08 B?.O? «1. CR 
Peroxide of | Ozone? Chlorous 
potassium. | anhydride. 
H284? | K294 P » _ | ClO4 
Peroxide of 
chlorine. 
H28°? | K295 fs C208 
Chloric 
anhydride ? 


The primary hydrides of sulphur, selenium and tellurium, and 
their derivatives, unite with oxygen in several proportions :— 


* Regnault, Annales de Chimie et de Physique, 3 ser. vol. xlvi. p. 257. 
2G2 
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H?S H? Se gi 
Sulphydric acid. 
. Et? SeO? Et? TO 
Oxide of tellurethyle. 
Cl? SO? Cl? SeO? CFT? 


Chlorosulphuric acid. 

H2 S08 or H20.80? | H? SeO$ or H°0.Se0?) H?TO? or H20.T0* 
Sulphurous acid. 

H? SO? or H20.S0* | H? SeO* or H?0.Se0?} H? TO* or HO. TO 
Sulphuric acid. 

In each of the above, and probably in all bihydrogenized com- 
pounds, one or both atoms of hydrogen may be replaced by a 
metal. 

The sulphides of hydrogen and alkaline metal are capable of 
uniting with six atoms of oxygen to form the following series of 
acids and salts :— 

H2 8,08 K?S O° Wanting. 
H2s* 0° K?S8?0°  Hyposulphuric. 
H? $3 O° K? S30 — Trithionic. 

H? S* 06 K?S*0®  Tetrathionic. 
H? 8° O° K?S°O® — Pentathionic. 


The corresponding oxides or anhydrides of sulphur, selenium 
and tellurium, appear to resemble one another in properties :— 


Sulphurous anhydride SO? SO? Sulphuric anhydride. 
Selenious . . . . SeO? |] SeO? Selenic. 
Tellurous 2° «1270? TO? Telluric. 


Corresponding compounds of sulphur, selenium and tellurium, 
are isomorphous. The isomorphism of oxygen with sulphur is 
not well marked. The majority of the metallic sulphides, how- 
ever, crystallize in the regular system, and are so far isomorphous 
with the corresponding oxides. 

The number and variety of analogous compounds to which 
sulphur and oxygen give origin are very great :— 


Sulphuric acid . . H?SO* | H?SO*S Hyposulphurous acid. 
Selenious anhydride. SeO? SeS? Selenious sulphide. 
Carbonic anhydride. CO? CS? Carbonic sulphide. 
Aleohol. . . . . C?H°O | C?H°S  Mercaptan. 

Potassic cyanate. . OCNKO | CNKS _ Potassic sulphocyanate. 
Potassic carbonate . K?CO® | K?CS*  Potassic sulphocarbonate. 
Nitric oxide . . . N?O? NS Nitrie sulphide. 

Potassic phosphate . KPO‘ | K*PO%S Potassicsulphoxyphosphate. 
Phosphorus oxychloride PCO PCS Phosphorus sulphochloride. 


Red antimony . . SbOS? SbS* Antimony sulphide. 


The bodies H? O02? and H?S? are binary molecules, HO.HO 
and HS.HS respectively. HO is not, however, in any way 
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comparable to HCl, the latter being an entire, the former a 
demi-molecule. HO presents very many of the properties of Cl; 
and for purposes of illustration, especially when comparing chlo- 
rides with hydrates, it is often convenient to consider HO as 
taking the place of Cl :— 

Chlorhydric acid . . . HCl H.HO Water. 

Potassic chloride . . . KCl K.HO Potassic hydrate. 
Chloro-sulphurie acid. . SO?CFP | SOHO)? — Sulphuric acid. 
Chloro-sulphurie acid. . SO?CP | SO2C1.HO  Chlorhydro-sulphuric 
Chloride of benzoyle . . C7 H°OCl| C7H°O.HO Benzoic acid. [acid*. 
Oxychloride of phosphorus PO CP PO(HO)? Phosphoric acid. 

Tellurium represents the metal of this series. Moreover, sele- 
nium is not altogether destitute of metallic characters. 

The relations of this group to the preceding are not very well 
marked. Chlorine is by equivalent substitution the representa- 
tive of hydrogen, but we do not know of any indisputable in- 
stance of the direct replacement of hydrogen or chlorine by 
oxygen or sulphur. We are, however, acquainted with a consi- 
derable number of bodies which may be conceived as arising from 
such a substitution, two atoms of chlorine or hydrogen being 
represented by one equivalent of oxygen or sulphur. Thus— 
Phosphorus pentachloride PCI? C? PCO Phosphorusoxychloride. 
EUEHHONE sine tt ctelnes PO7 EO C? H*O? Acetic acid. 

Chloride of stibtriethyle Et® SbCP Et? SbO Oxide of stibtriethyle. 

Moreover, we meet with a very great number of corresponding 
oxides and chlorides which contain respectively the same number 
of atoms of oxygen and chlorine, but in which the ratio of the 
other elements is as 2 to 1; thus— 

Potassic chloride . KCl K?0 ___ Potassic oxide. 
Bichloride of carbon C Cl? C20? Carbonic oxide. 
Arsenious chloride. AsCl* As? O? Arsenious anhydride. 
Phosphoric chloride PCI’ P?0° Phosphoric anhydride. 

The metal manganese serves in a curious manner to associate 
the members of the first and second groups. We find this metal 
at one time simulating chlorine, and at another time simulating 
sulphur. Thus we have,— 

Perchlorate of potash . KClO+ K2SO0* Sulphate of potash. 
Permanganate of potash KMn?0+ K? Mn?O* Manganate of potash. 

Iodine and sulphur both crystallize in the right prismatic 

system as acute rhombic octahedra. 


Group III. Nitrogen—Phosphorus, Arsenic, Antimony— 
Bismuth. 


These five elements have each the property of combining with 
three atoms of hydrogen, or its representative chlorine, to form 


* Williamson, Proceedings of the Royal Society, vol, vii. p. 15. 
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two-volume molecules. Bismuth is not known to form a hydro- 
genized compound, but the first four members of this group are 
distinguished from all other elements by their capability of form- 
ing terhydrides. All these terhydrides have an alkaline rather 
than an acid character. In the case of nitrogen and hydrogen, 
the formation of the compound NH? is attended with a conden- 
sation to the amount of one-half. Phosphorus, arsenic, and 
antimony correspond in their general properties, and present a 
marked gradation of character, Nitrogen seems to bear the 
same relation to the central members of this group, that fluorine 
and oxygen have respectively to the other members of the first 
and second groups. The relation of bismuth is analogous but 
inverse to that of nitrogen. The atomic weights of phosphorus, 
arsenic, and antimony occur in sequence. Thus— 


P = 31 226 

As = 7% Bert 

Sb = 120 

Sum 226 Mean difference = 44? 


The atomic weight of nitrogen, or 14, is rather less than half 
that of phosphorus, while the atomic weight of antimony is more 
than half that of bismuth, or 213, to precisely the same extent, 


14x2 218 
81 ~ 120x2 


or at least the difference is only equal to ‘0153. The specific 
heat of the atoms of phosphorus, arsenic, antimony, and bismuth 
respectively, is twice the usual specific heat of an atom of metal. 

In the terhydrides, including a hypothetical terhydride of bis- 
muth, we find that one, two, o- three atoms of hydrogen may be 
replaced by a metal, by chlorine, or by certain organic compounds 
hia in combination play the part of hydrogen, Thus we 

aye,— 


NH$ Poe AsH® SbH® BiCls 
Ammonia. Phosphamine. Arsenamine, Stibamine. Terchloride of 
bismuth, 
NCIS PCI AsCl® SbCl? Bikt? 
Terchloride of Phosphorus chlo-| Arsenious chlo- | Antimoniouschlo-| Bismuth-ethyle. 
nitrogen. ride, ride. ride, 
NH? Me | PEt® AsMe?Cl | SbEt? 
Methylamine. Triethylphospha- | Chloride of kako- | Triethylstib- 
mine. | dyle. amine. 
NHMe Et SbAg? 
Ethylmethyl- Stibio-silver. 
amine. 
NPh Me Et 
Ethylmethyl- 


aniline. 


of the Elements. 431 


The terhydrides and their representatives by substitution are 
capable of uniting with oxygen in several proportions, with the 
exception of the nitrogenized compounds. Thus we have,— 


BPR». | HAs H? Sb Cl? Bi 
Phosphamine. | Arsenamine. Stibamine. Terchloride of bismuth. 
Cl? PO | HMe? AsO Et? SbO Et? BiO 
Phosphorus oxychloride.) Hydrate of kakodyle. | Oxide of stibethyle. | Oxideofbismuthethyle. 
H? PO? HMe? AsO? _ | Et? SbO?? 9 
Hypophosphorous acid, | Kakodylic acid. 

H? PO? H? AsO? H? SbO? H? BiO® 
Phosphorous acid. Arsenious acid, Antimonious acid. Hydrate of bismuth. 
2 PO? H? AsO# H? SbO? rr 

Phosphoric acid. | Arsenic acid. Antimonic acid. 


There exists a series of chlorinated compounds the constitution 
of which may be represented as resulting from a substitution of 
two atoms of chlorine for one of oxygen in the protoxidized 
compounds, 

Oxychloride of phosphorus . PCI8O | PCI® CP or PCI Pentachloride of 


; ‘ ; phosphorus. 
Oxide of triethylphosphamine PEt*O | PEt’ Cl? Chloride of triethylphos- 


; phamine. 
Oxychloride of antimony . . SbClO| SbCl’ CP or SbCl Pentachloride 

' : neq * of antimony. 

Oxide of triethylstibamine* . SbEt?O| SbEt* CP Chloride of triethylstib- 
| amine. 

The oxides or anhydrides, and the sulphides of phosphorus, 
arsenic, antimony and bismuth, manifest a general correspond- 
ence both in properties and formule. The correspondence rather 
in formule than in properties extends to the nitrogen compounds. 


N20? 43 AS?02? | Sb?02? 35 
N? 03 P?08 | As?0? | Sb?02 | B08 
N?04 » ; | Sb?0* | Bi204 
N? ‘4 P2085 | As?05 | Sb?0% | Bi20° 
N » Ast G2 cob ds ity o> [Ea Ss 
N?S8 P2923 | As? S3 Sb?S? Bi? $3 
» | Pes? | Acts | Sb?S* ” 


The teroxides are the most important and the most uniform 
in properties. The teroxides of nitrogen and phosphorus are 
powerful anhydrous acids. The teroxide of arsenic is but a weak 
acid, that of antimony being still weaker, while that of bismuth 
is neutral or basic. ‘These three last teroxides are all of them 
capable of acting as bases; in which case they replace three atoms 
of metallic protoxide ; or rather, an atom of each metal is capable 


* That Loewig’s formule for the oxides and chlorides of stibethyle are 
correct, is rendered more than probable by Hofmann’s recent production of 
analogous phosphorus compounds. 
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of replacing three atoms of hydrogen to form a salt. Thus we 
are acquainted with a sulphate and potassio-tartrate of arsenious 
acid, &e. From even very dilute solutions of the salts of the 
three teroxides, the metal of each is precipitated most completely, 
at a boiling temperature, by the introduction of metallic copper, 
in a manner extremely characteristic. The teroxide of nitrogen 
is a very volatile liquid, that of phosphorus a very volatile solid, 
that of arsenic a less volatile solid, that of antimony a solid vola- 
tile only at a full red heat, that of bismuth a fixed solid, or at 
any rate one that requires for its volatilization an extremely high 
temperature. The isomorphism of the four lower members of 
this group is well marked. The phosphates and arseniates are 
strictly isomorphous. The arsenious and antimonious anhydrides 
are iso-dimorphous. The sulphides of antimony and bismuth are 
isomorphous. 

The metallic character is most decided in bismuth, is some- 
what less marked in antimony, is scarcely acknowledged in 
arsenic, and vanishes in phosphorus. 

The members of this group are associated with the members 
of the second group by the circumstance, that although their 
characteristic tendency is to unite with three atoms of hydrogen, 
or chlorine, or metal, yet they also have the property of uniting 
with two atoms of metal to form compounds analogous to those 
of the second group. 

Fe? S?* . Spirkise, isomorphous with Fe? SAs. 

Fe? S®. regular system isomorphous with Co? SAs. 
2 

ie ; isomorphous with Ni? As. 

C? 0? analogous to Canes. 

Nevertheless the bodies H?N, or amidogen, and Me? As, or 
kakodyle, are not in any respect analogous to HO, or water, but 
bear the same relation thereto that HO, or peroxide of hydrogen, 
bears to HCl, or chlorhydric acid. We have three typical two- 
volume molecules, namely HCl, H?O, and H®N. If from each 
of these we abstract an atom of hydrogen, we obtain the one- 
volume radicals, Cl, HO, and H?N (or Me? As), which in the 
free state, however, must be represented as the two-volume mole- 
cules, Cl?, H?O?, and H*N?. The correspondence in specific 
heat between the first, second, and third groups has been already 
indicated. Arsenic, antimony, and tellurium are isomorphous. 

The members of the third group are also associated with the 
members of the first by certain properties in common. We have, 
indeed, no compound HN or MN analogous to HCl or MCI; 
but we have numerous bodies which may be regarded as oxidized 


* Graham’s ‘ Elements of Chemistry,’ 2nd edit. p. 172. 
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compounds of HN or MN, which in their formule and proper- 
ties correspond very closely with the oxidized compounds of HCl 
or MC]. Thus we have,— 


Chlorite of potash . K ClO? K NO? Nitrite of potash. 
Chlorate of potash . K ClO? K NO® Nitrate of potash. 


Moreover N? O* corresponds closely with Cl* O04. 
It is interesting to contrast the parallel compounds to which 
chlorine, sulphur, and phosphorus respectively give origin. 


Monobasic series. | Bibasic series. Tribasic series. 
HCl = Chlorhydriec H’S = Sulphydric H?P ~— Phosphamine. 
acid. acid. 
HClO Hypochlorous | Et?TO Oxide of tel- | Cl’ PO Oxychloride of 
acid. lurethyle. phosphorus. 
HCl10? Chlorous acid. | Cl? SO? Oxychloride of |} H? PO? Hypophospho- 
sulphur. rous acid. 
HCl10* Chloric acid. | H?SO* Sulphurous H? PO® Phosphorous 
acid. acid. 
HCl10! Perchloricacid.| H? SO* Sulphuric acid. | H? PO‘ Phosphoricacid. 


We have seen that the simple atom of sulphate of potash, 
K? S04, may be represented as consisting of oxide of potassium 
united with sulphuric anhydride, KO .SO?. The double atoms 
of monobasic and terbasic salts may be represented in a similar 
manner; and doubling the atom of the bibasic salt for the sake 
of analogy, we have the following sequence :— 


2KI0* = K?0.I?07 . . Periodate of potash. 
2K?SO*= 2K20.8?0° . . Sulphate of potash. 
2K? PO*= 3K?0.P?0° . . Phosphate of potash. 


The corresponding formule for the chromates and iodates will 


be-— 
2KI0° = K20.[I?0° 
2K? Cr?04 = 2K?0. Cr* 0°. 


Now there are certain salts, mono-, bi- and ter-basic, in which 
the ratio of oxide to anhydride differs from the above normal 
proportion. ‘The salts with an excess of oxide are termed basic 
salts; the salts with an excess of anhydride, anhydrosalts. As 
instances of anhydrosalts, we have— 


Monobasic. Bibasic. Tribasic. 
BAY 4b G? oma), Crea? ok Gy, SE? OF 
ie igo 2K?0 . 2Cr* 0% 3K?O . 2P?. 0° 
K?0 ..3I?0° | 2K?0.3Cr*06 3K?0 . 3P? 0° 
The above symbols are most expressive of the correlations of 


the different salts, though simpler formulz are preferable for 
general use, Thus— 
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Chromate K?O. Cr?0*® | 3K?O. P?0° Phosphate. 
Bichromate K?0.2Cr?0® | 3K°O .2P?0° Biphosphate. 
Terchromate K?O .3Cr?0? | K?O. P?0° Metaphosphate. 

In a similar manner the formula for pyrophosphate of potash 
will be 2K2O . P? O°, an undoubtedly quadribasic salt. 

The iodic is the only monobasic acid known to produce anhy- 
drosalts. The anhydrosalts of the bibasic acids are very nume- 
rous; the members of the fourth group of elements more parti- 
cularly are remarkable for the various ratios of oxide to anhy- 
dride they present, which, however, may be arranged in a very 
simple sequence. Among tribasic salts the anhydrophosphates 
are very numerous. The sequence of ratios is not so simple as 
in the iodic, chromic, silicic, &c. salts, owing to the greater com- 
plexity of tri- than of mono- and bi-basie compounds*. 


4K? O .2P? 0° 
Pyrophosphate. 
3K?0O . P? O° 3K?0 . 2P? 0° 3K°0 . 8P? 0” 
Common phosphate. Fleitmann and Hen- Metaphosphate. 
neberg’s phosphate. 


Group IV. Boron, Silicon, Titanium—Tin. 


The analogy in properties between certain compounds of silicon 
and boron is so great as to necessitate the accordance of similar 
formulz to corresponding silicic and boric products. Whether 
we represent the chloride of silicon by SiCl® or by SiCl*, we 
must adopt a similar expression for the chloride of boron. The 
formula representing silicic chloride as SiCl* corresponds with 
the vapour-density of this and of other volatile siliceous com- 
pounds, considered as two-volume molecules. But, on the other 
hand, the formula representing chloride of boron as BCI, corre- 
sponds with the vapour-density of boric compounds, considered 
as two-volume molecules; so that to represent by our formule 
the general resemblance in properties between analogous boric 
and silicie compounds, we must violate the correlation of formula 
and vapour-density in one case or the other. Seeing that the 
chloride of silicon manifests a general resemblance to the chlo- 
rides of titanium and tin, and that the vapour-densities of the 
last two chlorides correspond with the formule TiCl* and SnCl* 
respectively, I prefer to neglect the vapour-density rule in the 
single case of boric, rather than in the triple case of the silicic, 


* That basic and anhydrosalts are of analogous constitution, and that 
the pyro- and meta-phosphates are strictly comparable in their properties 
and modes of formation to ordinary anhydrosalts, was shown by the author 
in a paper “ On the Constitution of Salts,” Quarterly Journal of the Che- 
mical Society, vol. vil. p. 10. 
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titanic, and stannic compounds. Moreover, by representing 
boric chloride as BCI* instead of by BCI°, the formule and reac- 
tions of most boric compounds become much simplified. Thus, 
with regard to the five best-defined borates, we have,— 


H?20 . BO? Boric acid 3H?20 .2B?03 
Mg?0.2BO? __Boracite 3M¢?0 .4B20? 
Na2O .3BO? ~~ Borax Na20 .2B703 


4(Ca?0 ,Si02)3(H20.BO?) Botryolite 4(Ca?O .Si0*) .3H°O .2B?0* 
4(Ca20.Si02) 2H20.3BO? Datolite 4(Ca?0.Si07) .2(H°O .2B70*) 
in which the first column of formule is altogether much simpler 


than the other. Moreover, Hess’s formula for hydroboracite 
would become 


CaHO . 38CaHO 5 

Mato F280" . 2H?O instead of BMeHO f 4B? O . 6H?0. 

The two following equations also, representing respectively 
the action of borax on carbonate of soda*, and the formation of 
hydrofluoboric acid, are more simple with BO? than with B? O?;:— 


Na?O . 3BO? + 2(Na?O . CO?) 38BF4*+3H?0= 
=8(Na?0 . BO*) +2CO? 2H? B F*+ H?0. BO? 
instead of instead of 
Na2O . 2B? 0? + 2(Na?0 . CO*) 8BF?+6H?0 = 
=3Na?20.2B? 0? + 2CO?. 3H? B?F* + 3H?0. B70°. 


Adopting for the formule of the anhydrides BO®, Si0°, TiO? 
and SnO? respectively ; and for the chlorides BCI‘, SiCI*, TiCl* 
and SnCl‘ respectively, the atomic weights will be as follow :— 


B = 145 91°4 

si O88 be: faerie ten 

TT = 48:4 

Sum 91°4. Mean difference = 16? 


The numerical sequence is not very well marked. Caleulating 
from Berzelius’s experiments, the number for silicon would be 
29-6, which would answer the purpose better than that derived 
from the results of Pelouze. Moreover, the number for titanium 
is still open to question. The equivalent of tin, or 117°6, pre- 


sents a curious relation with that of boron, Les e= 14°7, or 


3 8 
even with that of silicon, i =29°4, 


Boron and silicon both occur as soft brownish powders, stain- 
ing the fingers. They are both readily combustible ; they both 
become dense by heat. They may both be obtained crystalline, 


* Ayfwedson. Watts’s translation of Gmelin’s ‘Handbook,’ vol. ii, p. 87. 
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in which condition only do they conduct.electricity. Titanium, 
like boron and silicon, is extremely infusible. 

Tin forms a prothydrate, SnO . H?O; a protoxide, SnO; and 
a protochloride, SnCl*, &c. Titanium undoubtedly forms a 
protoxide, which, like that of tin, is of a brown colour. There 
is also some reason to believe that both silicon and boron form 
protoxides. 

The members of this fourth group are remarkable for their 
fluorine compounds. We have three simple fluorides, BF, SiF‘, 
TiF*, I have ascertained, moreover, that tin yields an analogous 
compound, SnF**, These fluorides are all formed by the action 
of sulphuric acid and fluor-spar on the respective anhydrides. 
The first two fluorides are gaseous, that of boron, and doubtless 
that of silicon, being condensable ; the third is liquid, as is pro- 
bably the fourth also. The three first fluorides unite directly 
with ammonia. The composition of the silicic compound is 
2NH°.SiF*+. The boric and titanic compounds have probably 
similar formule. The double fluorides are very numerous and 
well defined. The acids or hydrogen compounds can be prepared 
by the action of water on the simple fluorides, or by the action 
of a solution of fluorhydrie acid upon the anhydrides, bodies 
which are scarcely attackable by any other reagent in the moist 
way. The powerful tendency to the production of these double 
fluoric acids is very remarkable. The formule are,— - 


2HF.BF* Boro-fluorhydric acid. 
2HF .SiF* Silico-fluorhydriec acid. 
2HF.TiF* Titano-fluorhydric acid. 
2HF.SiF Stanno-fluorhydric acid. 


The ammonium salts can be prepared by acting on the ammo- 
niaco-fluorides (2NH3. SiF*) with water, or by neutralizing the 
above acids with ammonia, or even by acting upon the fluoride 
of ammonium with the anhydrides. The potassium salts are 
analogous to the ammonia salts, and are formed by similar 
processes. 

2NH‘*4F.BF*  Boro-fluorides 2KF . BF 
2NH*F.SiF* Silico-fluorides 2KF.SiF4 
2NH*F.TiF* Titano-fluorides 2KF.TiF* 
2NH*F.SnF* Stanno-fluorides 2KF.SnF*4 


* A mixture of fluor-spar, stannic oxide and sulphuric acid, when gently 
heated in a platinum capsule, developes an abundance of opake vapours, 
in which the presence of both tin and fluorine is readily to be detected. 

+ This and all the succeeding formule pertaining to the fourth group 
are extracted from Watts’s translation of Gmelin’s ‘ Handbook,’ only so far 
modified as to correspond with the atomic values that I have adopted. 
The description of the properties of the different compounds is derived from 
the same source, 
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The four simple chlorides are all well known to chemists. 
BCI‘ is adense gas. SiCl*, TiCl*, and SnCl} are volatile fuming 
liquids. These chlorides are obtainable by the direct action of 
chlorine upon the elements, or upon a heated mixture of charcoal 
and the anhydrides*. They are all soluble in excess of water, 
undergoing a more or less complete decomposition. They all 
combine directly with ammonia, to form, in all probability, chlo- 
ride of ammonium, together with certain compounds of which 
the formule are not established. They all unite with alkaline 
chlorides, forming double salts, such as— 


2NH4AC1. BCI . Boro-chloride of ammonium. 
2NH4C1.SiCl* . Silico-chloride of ammonium. 
2NH4Cl1. TiCl* . Titano-chloride of ammonium. 
2NH4Cl1. SnCi* . Stanno-chloride of ammonium. 
2KC].SnCl* . Stanno-chloride of potassium. 


The above formule of the tin salts are well established. The 
other formule are extremely probable from their analogy to those 
of the fluorine compounds. 

The anhydrous boric, silicic, titanic, and stannic acids have 
corresponding formule, BO?, Si0?, Ti0?, SnO*. The boric 
compound is fusible at a full red heat into a transparent glass. 
Silica, in the flame of the oxyhydrogen blowpipe, yields a trans- 
parent glass. Titanic acid also requires the oxyhydrogen blow- 
pipe to effect its fusion, Stannic acid is an extremely refractory 
body. All four compounds are very fixed; that of boron, how- 
ever, volatilizes slowly at an intense heat. Boric and silicic acids 
volatilize readily in the vapour of water. The anhydrides of 
silicon, titanium and tin, are known to exist in several isomeric 
modifications, distinguishable chiefly by their different behaviour 
with solvents. Each of the four anhydrides, when fused with an 
excess of carbonate of soda, displaces one atom of carbonic acid. 
All four acids form anhydrosalts, those of silica being extremely 
numerous and varied. Boric anhydride is always ready to assume 
water and to dissolve in excess thereof. The other three anhy- 
drides cannot be directly hydrated. Anhydrous stannic acid is 
isomorphous with titanic acid or rutile. Boric acid is soluble 
in water, in acids, and in alkalies. One modification only of 
silicic acid is, under certain conditions, soluble in all the above 


* When an excess of chlorine gas is passed over a heated mixture of 
charcoal and stannic anhydride, chloride of tin and phosgene gas are 
formed, according to the equation 


Sn0?+4+2C+48C]l=SnCl'+ 2C ClO. 
The phosgene gas is always mixed with carbonic oxide, or with a great 


excess of chlorine. The process is a very good one for the preparation of 
chloride of tin. 
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menstrua. One modification of titanic acid is soluble in dilute 
acids, alkalies, and probably in water. One modification of 
stannic acid is soluble in dilute acids, alkalies, and sparingly in 
water. From soluble borates, silicates, titanates and stannates, 
the hydrated acids are precipitated by the addition of nearly any 
other acid however feeble. The four elements form correspond- 
ing bisulphides. Silicon and tin give origin to complex sulpho- 
chlorides, between two of which a correspondence is manifested : 


Si? S$? CIs Si? S4 Cl* 
Sn? §? Cl8 Sa S$? Gi, 


Tin, with the atomic weight 117°6, has for its atomic heat 
6:5, which number consequently pertains to all the hitherto ex- 
amined members of the first four groups. The atomic volume 
of tin is 202. 

The four groups already considered comprise all the non- 
metallic elements, with the exception of hydrogen and carbon. 
Hydrogen appears to occupy a neutral position, and to stand as 
the representative of both chlorous and basylous elements. In 
very few hydrogenized bodies, however, can the hydrogen be 
replaced with equal facility by chlorine, and by zinc or potas- 
sium. As a general rule, we find that the facility of replacement 
by a basylous metal is directly, by chlorine mversely, as the de- 
gree of oxidation of the compound, Thus in the phosphorus 
series we have the following derivatives :— 


CP . Phosphorous chloride, 

Cl?PO — . Phosphorus oxychloride, 
KH? PO? . Hypophosphite of potash, 
K?H PO? . Phosphite of potash, 

K3PO*  . Phosphate of potash. 

Again :— 
C7 H® AgO? . Benzoate of silver, 
C7 H* Ag?0°. Salicylate of silver. 


Moreover, we are acquainted with tetrachlorethylene (and 
tetrachloraldehyde, Laurent), but only with trichloracetic acid :— 


C? Cl 
C? Cl4O 
C? HCI8 O? 


and so in a great number of other instances. Seeing that the 
acid character of a body is dependent upon the facility with 
which its hydrogen can be replaced by a basylous metal, it seems 
that oxygen is justly entitled to its Lavoisierian appellation. 
Carbon appears to be an element altogether sui generis, though 
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its compounds present some analogy to those of the second, and 
still more to those of the fourth group. Solid carbonic acid, 
obtained by cooling the liquid, is a transparent glassy substance 
resembling fused boric acid. The bichloride of carbon, CCI’, is 
comparable to the chlorides of silicon and tin, SiCl* and SnCl*, &c. 
The elements fluorine, oxygen, nitrogen and carbon, which would 
thus stand at the head of the four groups, present a curious nu- 
merical sequence :— 


C = 12 forms H*C 5 vols. 
N=14 ... HN -4 yols, 
a TW os ts EAT ols, 
Bis t87 oc) Hi 2 vols. 


Hol i Wl 
wwwew 


It is observable that the monhydrides are powerful acids, the 
binhydrides somewhat neutral bodies, and the terhydrides rather 
alkaline than otherwise. Similar relative differences in character 
may be traced to a certain extent in their corresponding deri- 
vatives. 

In all four groups a gradual development of metallic charac- 
ters accompanies the increase in atomic weights, illustrating 
forcibly the extremely artificial character of the division of the 
elements into metallic and non-metallic bodies. In the several 
groups to be subsequently considered, we do not find the perfec 
tion of metallic character pertain to those members which have 
the highest atomic weights. 

It is interesting to observe, that by the use of more or less 
empirical seriated formule, and by a recognition of chloro- 
derivatives in mineral as well as in organic chemistry, it is pos- 
sible to manifest clearly the really simple relations which subsist 
between the members of the different groups, and to reduce to 
an orderly position numerous bodies generally considered ano- 
malous ; as is the case, for instance, with kakodylic and stibtri- 
ethylic compounds*. Remembering the greater development of 
basylous characters in arsenic and antimony than in nitrogen 
ne phosphorus, the compounds of kakodyle and stibtriethyle 
are strictly comparable, not only in formulz but in properties, to 
their normal azote and phosphorus congeners. 


* Vide Cavendish Society’s translation of Laurent’s ‘Chemical Method,’ 

. 278 et seq., to learn the ingenious contrivances that were resorted to by 

aurent for obviating the anomalies presented by the kakodylic and stib- 
ethylic compounds. 


[ 440 ] 


LX. On the Connexion of Catalytic Phenomena with Allotropy. 
By C. 8. ScuHonBeEin. 


[Coneluded from p. 261.) 
| Daa property of changing O into O is not, however, confined 


exclusively to inorganic substances ; for according to my 
more recent experiments, a number of organic substances act the 
part of exciters of oxygen and carriers of O. Among these I may 
especially mention the camphene oils, of which oil of turpentine 
may be taken as the type. With reference to this oil, my ex- 
periments have shown that it takes up oxygen even in the cold, 
proportionally more rapidly under the influence of sunlight, and 
much more slowly in the dark. But this oxygen associated 
with the oil does not immediately produce true oxidizing actions, 
as is evident from the fact that it may be again transferred to a 
variety of inorganic and organic oxidizable substances ; that is, 
the oil of turpentine charged with oxygen comports itself as a 
powerfully oxidizing agent. It separates, for mstance, iodine 
from iodide of potassium, converts sulphurous acid instanta- 
neously into sulphuric acid; oxidizes phosphorus first to PO®, 
then to PO®, protosalts of iron to persalts, indigo-blue dissolved 
in sulphuric acid to isatine, &c. ;—all of them, it will be seen, 
oxidizing actions perfectly similar to those which oxygen pro- 
duces when it has been allotropized by electricity or phosphorus. 

We may therefore ascribe to oil of turpentine, as to phosphorus, 
binoxide of nitrogen, &c., the property of allotropizing common 
oxygen. And since this oil, after it has been deprived of its O 
by oxidizable substances, can again take up fresh oxygen, and can 
convert this into the O condition, we may compare it more espe- 
cially with binoxide of nitrogen, and may consider it, like that 
body, as an exciter of oxygen and carrier of O. 

I will here take the opportunity of remarking, that I have 
succeeded in obtaining in the past winter an oil of turpentine 
which contained more than 2 per cent. of ozonized oxygen, as 
is evident from the fact that a gramme of it was able to decompose 
220 germs. of mynormal tincture of indigo, which had such a stand- 
ard that 10 grms. of it were decolorized by 1 miligramme of O. 

This oxygen does not, however, even in the cold comport itself 
quite indifferently towards the constituents of the oil of turpen- 
tine; it gradually oxidizes this liquid, and hence the formation 
of resin, water, carbonic acid, &c.. This action takes place the 
more rapidly the higher the temperature of the oil containing O, 
whence it arises that oil of turpentine may be more strongly 
charged with O in winter than is possible during summer ; 
although, all other circumstances, insulation, &c. being equal, the 
ozonization of common oxygen occurs much more rapidly when 


On the Connexion of Catalytic Phenomena with Allotropy. 441 


exposed to heat than in the cold,. as follows from the fact that 
oil of turpentine quite free from O, spread out in a thin layer and 
exposed in summer to the air and light, dries up to resin in far 
shorter time than is the case under the same circumstances in 
winter. This formation of resin, like the oxidation of sulphurous 
to sulphuri¢ acid, or of indigo-blue to isatine, is not effected by 
O, but by O. 

If the allotropy of oxygen had not been discovered, and if the 
allotropizing property of oil of turpentine were still unknown, the 
fact, that this gas, standing in contact with oil of turpentine, 
oxidizes a series of substances towards which it is of itself che- 
mically indifferent, would be considered as a contact or catalytic 
action of the oil. We may now, however, go a step further, and 
may refer the oxidizing actions caused by the oil of turpentine, 
like so many other so-called catalytic actions, to an allotropic 
modification of oxygen, produced in this case by the oil of tur- 
pentine. 

The comportment, not only of the rest of the camphene oils 
and of common ether, but also of several other organic sub- 
stances, is similar to that of oil of turpentine. One of the most 
interesting of these is contained in the juice of many mushrooms, 
and I showed, last year, that it takes up common oxygen even 
in the dark, and so changes it that it may be readily transferred 
to other oxidizable substances; a substance, therefore, which 
again is comparable to binoxide of nitrogen as an exciter of 
oxygen and carrier of O. 

Substances quite analogous, as far as this chemical action is 
concerned, are found in a large number of plants, and pro- 
bably occur more or less extensively in all. I have found them 
in the most various species of plants; and I will here add, that 
the wide diffusion of such organic ozonizing substances may be 
very easily proved by means of freshly-prepared tincture of gua~ 
iacum. Every substance by which this resin-solution is turned 
blue has the property of transforming O into O; and everything 
which causes this coloration, even without the presence of O, is 
to be considered as a carrier of O. 

Indigo-blue dissolved in sulphuric acid is another very valu- 
able means of recognizing the various conditions of oxygen, and 
may be applied for this purpose in many cases in which the 
tincture of guaiacum could not be used. Since this colouring 
matter can be oxidized to isatine by O, but not by O, it can be 
conjectured from the decolorization, or from the unchangeability 
of the indigo solution, whether under the given circumstances O 
has been changed into O or not. 

I have already shown, years ago, that tincture of indigo is 
decomposed by common oxygen, when both bodies are placed 

Phil, Mag. 8. 4. Vol. 13. No. 88. June 1857. 2H 
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in contact with a number of inorganic and organic substances. 
Phosphorus, as need scarcely be mentioned, is especially distin- 
guished among inorganic substances. When shaken in a finely- 
divided condition with atmospheric air and solution of indigo, 
the latter is decomposed with tolerable rapidity at ordinary tem- 
peratures, and very rapidly at a somewhat higher temperature. 

We are no longer surprised at this action ; for we know now, 
that under these circumstances phosphorus ozonizes atmospheric 
oxygen; and the decomposition of the indigo solution can be 
effected even without the presence of phosphorus, that is, by 
first leaving atmospheric air for some time in contact with phos- 
phorus, then removing the phosphorus, and shaking the air thus 
treated with the tincture of indigo. It is scarcely necessary to 
say that this action is produced by the oxygen allotropized by the 
phosphorus. 

Among organic substances, the camphene oils and common 
ether are similar in their comportment to phosphorus; with 
this difference, however, that these substances act less power- 
fully than the latter body, and that their activity is essentially 
increased by light, while that of phosphorus appears to be wholly 
independent of this agent. This chemically exciting influence 
is conveniently proved with water which has been coloured blue 
by solution of indigo, and which, is brought in contact with oil of 
turpentine, or ether free from O. Under these circumstances 
the coloured water becomes decolorized, and in the light with 
greater rapidity than in the dark. 

Similar results are obtained if the diluted solution of indigo is 
mixed with spirit of wine, wine, beer, wood-spirit, tartaric acid, 
oleic acid, linseed oil, &c., and exposed to the action of air under 
the influence of light, from which it is clear that these substances 
also possess the property of inciting O to oxidize dissolved indigo 
to isatine, that is, of transforming it into O. 

That the latter substances have themselves undergone an oxi- 
dation by the oxygen which they have modified, in consequence 
of the oxidizablity of their constituents, is just as self-evident 
as that oxygen ozonized by phosphorus unites with that body to 
form phosphorous acid. It would therefore, I believe, be an in- 
correct view were we to regard the oxidation of oil of turpentine, 
of tartaric acid, &c., as the immediate cause of the oxidation of 
indigo-blue. The ozonization of common oxygen must precede 
both acts of oxidation, and hence these do not follow each other, 
but are simultaneous. 

I must mention here the remarkable compounds of the alcohol 
radicals with metallic bodies, which are distinguished by their 
high degree of oxidizability. Stibsethyle, cacodyle, &c. take fire 
even at ordinary temperatures; and they also, in contact with 
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atmospheric air or oxygen, decompose tincture of indigo at least 
as rapidly as phosphorus, as [ have shown on a former occasion. 

é may assume therefore that these compounds exercise an 
allotropizing influence on common oxygen, the magnitude of 
which may be equal to the degree of their oxidizability. 

The decay of organic substances in atmospheric air is certainly 
one of the most important and extensive oxidizing processes, and 
in my opinion this is effected not by common oxygen, but by 
O; that is, just in the same way as the so-called slow combustion 
of phosphorus, the change of oil of turpentine into resin, &c., of 
spirit of wine into acetic acid and water, &c. This view leads to 
the further assumption, that atmospheric O is transformed into 
O by the organic substances themselves, aided by the agencies of 
heat and light acting in the same direction. And inasmuch 
as we consider catalytic and allotropizing actions as the same 
thing, so may we view decay as the greatest catalytic process 
which is to be found in the ceconomy of nature. 

My earlier experiments have shown, in reference to decayed 
wood (Scheinholz), that when left in contact with atmospheric 
air it slowly decomposes dilute tincture of indigo. The parings 
of raw potatoes and many other vegetable structures do the 
same, and also turn tincture of guaiacum blue. I will here 
again call to remembrance the fact, that a substance is contained 
in a great number of mushrooms, which absorbs atmospheric 
oxygen and changes it into the O condition ; and further investi- 
gations will show that there are many other vegetable and animal 
substances of this kind still unknown. I have not long since 
shown, that this fungus substance readily gives up its oxygen 
to other oxidizable, and especially organic substances, for ex- 
ample to albumen, and produces oxidizing actions which would 
not take place without its intervention. 

Such facts appear to me to help us towards a better compre- 
hension of the decay of organic substances, and to throw some 
light upon the well-known observation, that mixtures of organie 
substances, such as we always meet with in vegetable and animal 
structures, decay more easily or more rapidly than the substances 
contained in these mixtures when exposed in an isolated con- 
dition to the action of atmospheric oxygen. 

Numerous examples have shown us what a great influence 
the presence of certain bodies exercises upon the comportment 
of other substances towards oxygen. Free hydrogen, for ex- 
ample, remains quite indifferent towards oxygen at ordinary 
‘temperatures ; but its decay, that is, its oxidation, commences as 
soon as we introduce platinum into the gaseous mixture. We 
‘have also seen that a great number of inorganic and organic 
‘substances which are indifferent to oxygen are oxidized in the 
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presence of phosphorus. And although the experiment has not 
yet been made, I do not doubt in the least that moist shavings 
mixed with finely-divided phosphorus would decay more rapidly 
in atmospheric air, than under similar circumstances without the 
presence of phosphorus. 

Cork, which is known to exhibit such great unchangeability that 
even when exposed for a long time to the action of air and water 
it is not perceptibly altered, seems as if acted upon by chlorine or 
nitric acid after it has served some time to close a gas-bottle or 
flask in which is contained phosphorus, or ether, or oil of tur- 
pentine, &c. in contact with atmospheric air; and this action, as 
we now know, arises from the oxygen which has been ozonized 
under the influence of the phosphorus, oil of turpentine, &c. 
Many other examples might be adduced to show that substances 
endowed with the property of transforming O into O, either alone 
or with the help of light and heat, are just those which set 
up or accelerate the oxidation or decay of those substances in 
which this property is either altogether wanting, or only present 
in a small degree. There can be no doubt that, in this respect, 
a great difference is exhibited between various organic substances. 
We know, for example, that the ozonizing property of the cam- 
phene oils exceeds that of other ztherial oils; and it is therefore 
exceedingly probable, if not certain, that the admixture of oil of 
turpentine with another etherial oil would accelerate the oxida- 
tion of the latter. It would then be truly surprising if similar 
differences did not exist between the organic substances which 
lie adjacent in any dead plant or animal, if the presence of a 
substance endowed with a stronger ozonizing property did not 
also accelerate the oxidation or decay of those substances which 
possess the property in a less degree. We know how rapidly 
many fungi decay; we know that the juice contains a sub- 
stance which easily takes up atmospheric oxygen, and thereby 
becomes a carrier of O, or oxidizing agent. ‘The assumption 
that the presence of such a substance in the fungi essentially 
favours the decay of the rest of the constituents, appears to me 
to be by no means too bold a conjecture. 

Similar relations will also be found in other vegetable and 
animal structures; and it is also probable that in the course, 
and in consequence of the decay and putrefaction of organic 
bodies, new substances are produced which are endowed with a 
stronger oxidizing property than the substances from which they 
are formed, and therefore essentially contribute, not only to the 
acceleration of the decay of the still undecomposed organic sub- 
stances, but also to their own decay. Decayed wood, as has 
been mentioned, possesses the property of exciting atmospheric 
oxygen to the decomposition of indigo dissolved in sulphuric 
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acid ; a property wanting in sound wood. But it is known that 
decayed wood, brought into contact with sound wood, furthers 
the decay of the latter in a most surprising manner. We see, 
therefore, that in this case decayed wood acts upon undecayed 
just as oil of turpentine, &c. standing in contact with atmo- 
spheric air, acts upon cork. 

The fact also, that many dead animals, as, for example, lob- 
sters, fish, and, under certain circumstances, human corpses 
in certain stages of their decay, become phosphorescent in the 
dark, appears to me to prove that in the progress of decay sub- 
stances are formed whose ozonizing property far exceeds that of 
the matters from which they are formed. As is the case with 
phosphorus and decayed wood, the phosphorescence of these 
animal bodies only takes place in oxygen or atmospheric air, 
from which it is clear that this phenomenon arises from an oxi- 
dation. But as the fresh bodies of these animals do not phos- 
phoresce, the substances by whose oxidation that phenomenon is 
caused do not exist in them, and these are only formed in a de- 
terminate stage of their putrefaction or decay. 

Nitric acid or a nitrate is a product of the decay of nitroge- 
nous organic substances taking place under certain circumstances; 
and I cannot avoid specially mentioning this fact, which is so 
important both theoretically and practically. 

M. Baumert’s experiments, as well as my own, have shown, 
years ago, that free ozonized oxygen with ammonia produces 
nitrate of ammonia; the O therefore.combines with the hy- 
drogen of ammonia to form water, and with the nitrogen to form 
nitric acid. It is moreover a fact, that nitrogenous organic sub- 
stances produce ammonia in their decay; and we know also that 
there is a number of organic substances which act upon oxygen 
like phosphorus, that is, transform O into O. 

These facts render it probable that the nitric acidwhichis formed 
in the decay of nitrogenous organic substances arises from the 
action of O upon NH®. The latter results from the putrefaction 
of these substances, and the atmospheric O is changed to O under 
the influence of one or the other of the organic substances pre- 
sent. By the action of this O on NH? nitric acid is formed, 
which unites with another portion of ammonia to form nitrate of 
ammonia; or if astronger base be present, such as potash, soda, 
lime, &c., to form nitrate of potash, &c. 

If we place phosphorus in contact with atmospheric oxygen, 
the latter is ozonized ; and if we pass this O through ammonia, 
nitrate of ammonia is formed. If we add to the ammonia, pot- 
ash, &c., we obtain saltpetre, &c.; and if there be a sufficient 
quantity of O present, all the ammonia is oxidized into nitric 
acid and water. In my opinion this case exhibits the process of 
the so-called spontancous nitrification in its simplest form. 
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My experiments have shown that distinct tracesof nitric acid are 
formed during the combustion of phosphorus in atmospheric air, 
and as the ozonized oxygen is capable of oxidizing the atmospheric . 
nitrogen to the same acid in the presence of a fixed base, it seems 
to me possible that even in the decay of non-nitrogenous sub- 
stances in atmospheric air under certain circumstances, for ex- 
ample the presence of alkaline bases, small quantities at any rate 
of nitrate are formed; and, if I mistake not, Theodore von Saus- 
sure, a very accurate observer, has stated that this is the case, 

From the great importance to agriculture which the nitrates 
have recently acquired, I need scarcely remark how desirable it 
is to answer by decisive experiments, the question whether ni- 
trates are produced in the decay of nitrogenous organic sub- 
stances under the conditions mentioned. If the question were 
answered in the affirmative, we should become acquainted with 
a new source from which plants might derive the requisite ni- 
trogen; that is, we should know that the fertilizing property 
of non-nitrogenous organic substances did not arise from their 
carbon merely, but also from their capacity of determining the 
atmospheric oxygen to the oxidation of atmospheric nitrogen, 
that is, to the formation of nitrates. 

Respiration is, like decay, in a chemical sense a slow com- 
bustion effected by atmospheric oxygen; and since we must 
deny ,to this oxygen, without it has been previously changed into 
the O condition, the property of producing any oxidation, we 
are compelled to assume that blood also contains a substance 
which, like the above-mentioned mushroom juice, can convert 
O into O; and therefore that the chemical part of respiration 
is a process which depends on an allotropy of the inspired oxygen ; 
on this subject I have elsewhere developed my yiews at greater 
length. ; 

From the preceding considerations, it is clear that a large 
number of chemical phenomena must be considered to be cata- 
lytic, or actions by contact, and we may assume that their ulti- 
mate cause is an allotropy of oxygen, whether these actions 
depend on an oxidation or the reverse, 

Although it is very remarkable that the majority of the 
actions by contact hitherto made known are those in which 
oxygen plays an essential part, yet there are also others in which 
this element plays no part. Of these, persulphide of hydrogen 
=HS? is an example. This substance, according to Thenard, 
can be decomposed into sulphur and HS by a series of sub- 
stances which do not combine with either the one or the other 
of the constituents of the HS?. 

The immediate cause of this decomposition is certainly quite 
unknown to us at present. But if, in my opinion, it has become 
very probable that many substances decompose peroxide of hy- 
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drogen into water and oxygen precisely because they convert the 
O of this compound into O, it is also possible that the catalytic 
decomposition of persulphide of hydrogen into HS and § depends 
on an allotropizing influence which certain substances exert upon 
sulphur. 

Every chemist knows that this substance can be allotropized, 
but we are not able to say in what condition the persulphide of 
hydrogen contains its 8. It may be possible that four equiva- 
lents of sulphur in this compound exist in an allotropic condition, 
which is different to that in which this element exists in sulphur- 
etted hydrogen. And were this the case, it is easily seen that 
these four equivalents of sulphur could only remain combined 
with the HS as long as they continued in their peculiar con- 
dition, but that they would separate from their compound as 
soon .as they underwent an allotropic change, as happens with 
the O of HO+O when it is converted into O. 

We have already become acquainted with a number of ele- 
mentary substances which are capable of assuming allotropic 
conditions, and it may therefore be presumed that the other 
simple substances also are capable of allotropy, It is also ex- 
ceedingly probable, if not certain, that one and the same element 
can exist in its various allotropic modifications, not only when 
free, but also when combined, It is therefore not difficult to per- 
ceive of what importance to science allotropy must prove, when 
we have once ascertained the influence which the allotropic con- 
ditions of an element exert upon its chemical comportment, A 
large number of chemical combinations and decompositions, 
caused by imponderable or ponderable agents, might then be 
considered as actions immediately produced by allotropic modi- 
fications of the elementary substances concerned. 

In a paper which I published some years ago, “On the Che- 
mical Actions of Electricity, of Light, and of Heat,” I endea- 
voured to show that in many cases they most probably consist 
in allotropizing influences which these agents exert upon oxygen ; 
and as I have found no reason to alter those views, but, on 
the contrary, have since ascertained some new facts which must 
strengthen them still more, I will here merely refer my chemical 
readers to that paper. 

I must also mention a phenomenon which may have some 
connexion with the facts just adduced, but which, in my opinion, 
is at present one of the most obscure phenomena of chemistry, 
I mean fermentation. In the present state of chemical know- 
ledge, who would venture to say, for example, why sugar under 
certain circumstances decomposes into alcohol and carbonic acid. 
The most essential conditions which are necessary in order that 
fermentation may take place, are certainly known ; but the part 
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which the ferment plays in it is, I fear, at the present time a 
complete secret. 

Berzelius considered the decomposition of sugar into alcohol 
and carbonic acid as a catalytic action of yeast, and compared it 
with the decomposition of peroxide of hydrogen into water and 
oxygen which is effected by gold, platinum, &c. Mitscherlich 
also considers the vinous fermentation to be a phenomenon of 
contact produced by the yeast ; that is, he assumes that the fer- 
ment remains unchanged, while it causes the decomposition of 
the sugar into alcohol and carbonic acid. Liebig seeks the im- 
mediate cause of this pheenomenon in the state of decomposition 
of the yeast. He assumes that a substance in decomposing, or 
in entering into combination, can decompose other substances 
in contact with it; or to express it in a general manner, that the 
chemical activity of a substance can be transferred to other sub- 
stances. 

There can be no doubt that there isa large class of facts which 
speak in favour of the assumption of the great German chemist, 
that is, show that the chemical activity of a substance very often 
excites that of another, and in this respect there can be no more 
striking example adduced than that of phosphorus; for during 
its oxidation in atmospheric air, many other substances placed 
in contact with it experience also an oxidation, which would not 
take place in its absence. And many substances left in contact 
with oil of turpentine oxidize in the air, which if alone would 
under the same circumstances remain perfectly unchanged. 
Many other examples of a similar kind might be adduced. 

But I have endeavoured to show, both here and elsewhere, 
that the ultimate cause of these oxidations effected by means of 
phosphorus or of oil of turpentine, is to be sought, not in the act 
of oxidation of these substances as such, but in an ozonization 
effected by them in atmospheric air. 

Liebig also, like Berzelius and Mitscherlich, has compared the 
decomposition of sugar by yeast to the breaking up of peroxide 
of hydrogen under the influence of certain substances, but, if I 
may SO say, In a reverse manner. In his view the oxides of the 
noble metals act the part of the sugar, the peroxide of hydrogen 
that of the yeast. Because oxidized water, says Liebig, is in a 
state of decomposition even at ordinary temperatures, it sets oxide 
of gold, &c. placed in contact with it in the same condition, and 
hence it decomposes into metal and oxygen, as sugar decom- 
poses into alcohol and carbonic acid under the influence of yeast 
in a state of decomposition. 

Peroxide of hydrogen decomposes, as is well known, only slowly 
at ordinary temperatures; but if oxideof gold, &c. beadded to it, the 
decomposition of both compounds proceeds with extreme violence. 
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Now if the spontaneous act of decomposition of the peroxide of 
hydrogen were, as such, the immediate cause of the decomposition 
of the oxide of gold, we should expect that the action would not 
be greater than the cause; that is to say, that the decomposition 
of the more permanent oxide of gold, or of the peroxide of hy- 
drogen itself, would not be more active than the original spon- 
taneous decomposition of the latter compound. 

But since, as experiment shows, the noble metals effect the 
decomposition of peroxide of hydrogen with just as much activity 
as their oxides, it must be assumed that in these cases the cause 
of decomposition lies in the metals themselves. From their ele- 
mentary nature, however, these bodies cannot be in a state of 
decomposition, and they cannot therefore transfer such a state 
of decomposition to the peroxide of hydrogen; and hence the 
immediate cause of the more rapid decomposition of these bodies 
effected by metallic gold, &c., must be sought for in something 
else than in the transference of the chemical activity of one sub- 
stance to another. However this may be, it appears possible 
that the action exerted by gold and by its oxide upon peroxide 
of hydrogen arises from one and the same cause, and that HO? 
is directly decomposed by oxide of gold. 

I have previously shown, and have here more fully mentioned 
the fact, that a great number of substances which decompose 
peroxide of hydrogen into water and O possess also the property 
of converting free O into O; and the oxides of the noble metals, 
and the metallic peroxides, belong more especially to this cate- 
gory. For this reason I am of opinion that the immediate cause 
of the decomposition of the HO? effected by these substances hes 
in the allotropic modification which they produce in the O of 
this compound. : 

But since not only HO + O loses the half of its oxygen, but the 
oxide of gold, the oxygen of which is,O, is reduced also, I must 
assume that the transformation of the O of HO+0 into O causes 
also the same change of the O of AuO°; that is, that both com- 
pounds containing O mutually decompose each other, without 
being able to adduce any reason for it. 

Mitscherlich, if I mistake not, has succeeded, by observing 
certain precautions, in decomposing 300 parts of sugar into 
alcohol and carbonic acid by means of 1 part of yeast. And 
this distinguished chemist has drawn from thence the conclusion, 
that the fermentation of sugar has no necessary connexion with 
the destruction of the yeast. He therefore thinks that if we 
could remove the causes which produce the destruction of the 
yeast, which are independent of the saccharine fermentation as 
such, we might by a given quantity of yeast effect the change of 
any quantity of sugar into alcohol and carbonic acid, just as we 
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can change any quantity of peroxide of hydrogen into water and 
common oxygen by means of the smallest quantity of gold, 

It appears to me as if the actual facts of the phenomena of 
fermentation were by no means so accurately known as ought to 
be the case, to enable us to decide with certainty whether the 
chemical state of decomposition of the yeast, as such, exercises a 
determinate influence on the fermentation of the sugar or not, 

If, as I am inclined to think, the transference of the chemical 
activity of one substance to another in the above-mentioned cases 
is only apparent, that is, mediate, we may consider it possible 
that the relation of the decomposition of the sugar to that of the 
yeast is not one of effect to cause ; the latter decomposition is 
only concurrent with the former, and is not a phenomenon in- 
ducing the saccharine fermentation. 

In what, then, is the obvious action of the yeast to be sought ? 
I do not conceal, that to me our present knowledge of the funda- 
mental phenomena of chemistry appears so imperfect, that I must 
deny to it the capability of solving the enigma of even the most 
proximate cause of fermentation ; and in my opinion it is of more 
advantage to science to consider a phenomenon as still unex- 
plained, than to assign to it a false cause ; because the former 
excites to further inquiry, the latter retards or even puts an end 
to it, 

We are certainly justified in considering as possible causes 
those still unexplained facts which we meet with in the pheno- 
mena of fermentation ; and making use of this liberty, I will 
seek finally to indicate a possible reason for the activity of 
ferments, 

I have adduced, in this and in other papers, facts which 
appear to me to show that a series of chemical actions, both 
analytical and synthetical in their nature, are caused by the allo- 
tropizing influence which certain substances exert upon oxygen, 
It is possible that the efficacy of the yeast might be due to an 
allotropizing influence which it exerts on one or the other of the 
constituents of sugar; and I will endeavour to explain this idea 
by adducing the various decompositions of which an inorganie 
compound, iodate of potash, is capable, 

This salt decomposes, when sufficiently heated, into iodide of 
potassium and common oxygen; intimately mixed with graphite 
or peroxide of manganese, it decomposes into free iodine, oxygen 
and potash, at a lower temperature than that at which the salt 
alone decomposes in the manner stated. 

As I have already remarked, the immediate reason of the last 
mode of decomposition of the iodate lies, in my opinion, in the 
deozonizing influence which peroxide of manganese, &c, exerts 
upon the O of iodic acid at a temperature which is far below 
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that at which iodate of potash, when alone, decomposes into 
iodide of potassium and oxygen, or that at which free iodine de- 
composes with potash into iodide of potassium and oxygen. 

Now if the breaking up of iodate of potash into iodine, oxygen 
and . potash, is really occasioned by a change of condition which 
the O of iodic acid suffers under the influence of peroxide of 
manganese, &c.; if there are many other cases of the decompo- 
sition of compounds containing QO, and if it be further the fact 
that organic substances also, as such, can exert an allotropic 
action upon common oxygen by inducing a series of chemical 
changes in other organic substances, it might also appear pro- 
bable that yeast acts allotropically upon one or the other consti- 
tuent of sugar, or so as to produce a change of condition. 

Assuming that such an influence were really exerted, sugar 
could just as little retain its original chemical condition as iodate 
of potash could, after its O had experienced the deozonizing 
influence of peroxide of manganese, &c. The original chemical 
relations of the constituents of sugar to each other would be 
changed, and a new mode of combination would be produced. 

We know for certain that two of the elements of sugar— 
carbon and oxygen—are capable of allotropy; and with respect 
to hydrogen, it may also exist in various conditions, as is indeed 
assumed by some chemists. But if it has been shown that the 
elements which form essential constituents of organic substances 
are capable of allotropy in an isolated condition ; if, further, it 
cannot be doubted that one and the same element can exist, even 
in combination, in various allotropic conditions ; and if there are 
many reasons for the assumption that not only heat, light and 
electricity, but also ponderable agents, act allotropically in cer- 
tain free as well as chemically combined elements, we cannot 
avoid the conclusion that a great number of chemical reactions 
depend upon allotropic modificatious of the elements, and espe- 
cially that that class of phenomena might take place in organic 
substances, from the fact that their essential constituents can 
assume allotropic conditions. 

In what form the elements exist in chemical compounds is at 
present a complete secret to us, and the processes which take place 
in analysis and synthesis with respect to these changes of con- 
dition, are still entirely unknown. 

It is indeed pretty generally assumed, that it is an essential 
part of the nature of a chemical element to remain entirely un- 
changed in its smallest particles ; and therefore it is assumed that 
in all chemical combinations and decompositions the elements 
remain entirely unchanged, and that the chemical process is 

urely mechanical, and generally depends on the definite manner 
in which the atoms of various te group themselyes, which 
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atoms are supposed to be acted upon by heat, light, electricity, 
affinity, &c.; in short, by agents which are assumed to lie outside 
the atoms, and as it were adherent to them. 

The discovery of allotropy has made us acquainted with a 
changeability of the atoms themselves which we had not ima- 
gined, and that these can undergo such complete alterations, that, 
for example, a substance in an allotropic condition easily com- 
bines with a certain body, while in another condition it would be 
perfectly indifferent towards that body. 

An attempt has indeed been made to explain the allotropic 
conditions of substances by a mechanical hypothesis, that is, to 
assume the existence of “ Arrangemens particuliers des molecules,” 
without, however, stating in what way such an “ arrangement 
particulier ”’ exists, or how such an essential change of the whole 
properties of a body can be caused by it. 

Such attempts at explanation are, in my opinion, of little ad- 
vantage to science; and I consider it advisable rather to say 
nothing about the obscure cause of allotropy than to build up 
hypotheses, which themselves are founded upon an hypothesis. 

However unintelligible the phenomenon of allotropy may at 
present appear to us, so much 1s evident, that it has a great sig- 
nificance for theoretical chemistry; and I cannot avoid again 
remarking, that, in my opinion, the next considerable step in 
this science will consist in making out the influence which the 
allotropic modifications of elementary substances exert upon their 
chemical deportment, and especially upon chemical decomposi- 
tions andcombinations. And I think, therefore, that our insight 
into the processes of fermentation, and into so many other che- 
mico-physiological processes and changes of matter, will only 
emerge from its present imperfect condition, and take the shape 
of real knowledge, when the connexion indicated between allo- 
tropy and chemistry is better and more thoroughly investigated 
than at the present day. 
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“pte following communications were read :— 
*« Description of an Instrument for registering Changes of Tem- 
perature.” By Balfour Stewart, Esq. 

It lately occurred to the author that advantage might be taken of 
the capillary action of mercury to construct an instrument similar to 
a thermometer, but in which the mercury should expand from heat 
only in one tube, and contract from cold only in another. Accord- 
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ingly a bulb was blown between two thermometric tubes of differently- 
sized bores, in such a manner that the tubes lay in one straight line, 
with the bulb between them. The bulb was then filled with mer- 
cury, and the tubes were hermetically sealed at both ends, having 
been first carefully deprived of air. When the instrument thus con- 
structed was laid in a horizontal position, or nearly so, its action was 
precisely what the author had hoped ; the mercury contracting from 
cold only in the narrow bore, and expanding from heat only in the 
wide one,—even when viewed by a microscope of considerable mag- 
nifying power. 

It was suggested by Mr. Welsh, Director of the Kew Observatory, 
that such an instrument might be used for measuring fluctuations of 
atmospheric temperature ; and the following use afterwards occurred 
to the author. Were it required to exactly estimate the radiating 
effect of a source of heat, it might perhaps be done by placing this 
instrument near the source, alternately exposing it to the influence of 
the calorific rays proceeding from the source, and intercepting these 
by means of a screen, Owing to the peculiar action of the mercury 
alluded to, the effect of the rays would be multiplied by the number 
of times the screen was interposed, provided it were always retained 
long enough to permit the mercury to cool down. The comparison 
of an instrument thus acted upon with another similar instrument 
near it, screened entirely from the source of heat, might furnish us 
with a means of exactly estimating the heating effect of the source. 

The author desires to express his obligation to Mr. Welsh, who, 
besides finding a use for the instrument, suggested the selection of 
tubes which appears to answer best, and whose experience was of 
great assistance in arranging details. He is also indebted to the 
Kew Committee of the British Association, who kindly examined 
the instrument, and authorized the construction of several by way of 
trial. Mr. Casella undertook the operative part in their construction, 
and his glass-blower, M. J. E. Griffin, took pains to discover some 
of the circumstances that interfere with the proper action of the in- 
strument, and constructed those that have proved successful. 

Without attempting to explain all the peculiarities of this action, 
it would seem that the mercury is kept in the narrow bore, and pre- 
vented from retreating into the bulb, by friction ; but, when a moving 
force is supplied by means of a change of temperature, the motion of 
the mercury takes place in that direction in which it is least opposed, 
or most aided, by its capillary action. 

As the result obtained is due to the difference between two forces, 
neither of which is very great, the construction of such an instru- 
ment requires care; and the author will now state what appear to 
be the chief points which demand attention, as derived from his own 
experience, and that of those who have interested themselves in the 
construction of the tubes; although this experience is necessarily 
very limited. 

Ist. The tubes should be quite clean and free from moisture. 

2nd. They should be in one straight line, and should expand 
symmetrically into the bulb. 
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3rd. It seems the best arrangement, to have the natrow tube of 
flat bore, not too flat; its greatest width being about equal to the 
diameter of the wide bore, which should be cylindrical, and neither 
conical nor flat. 

4th. The tubes should be well deprived of air before being sealed. 
The instrument may be thus graduated. 

If, when held vertically, the smaller tube being below, the mer- 
cury at the ordinary temperature should fill the lower tube, the bulb 
and part of the upper tube, the instrument may be pointed off in 
the same manner as an ordinary thermometer. But, if the mercury 
under these circumstances be not enough to fill the bulb, the best 
plan is perhaps to lay the instrument horizontally in a vessel of 
water, side by side with a standard thermometer, and, keeping the 
extremity of the mercury in the one tube at a constant point, to 
mark off its extremity in the other tube at two or more different 
temperatures, as shown by the standard thermometer. The length 
of this tube corresponding to a degree may be then found in the 
usual way. 

The same process may be followed with the other tube. Or, 
take two points in the first tube—say A and B, the distance between 
them being, say 50°. Set the mercury at the point A, and mark off 
its other extremity in the second tube. Set it now at the point B, 
and mark its extremity in the second tube. The distance between 
these two points in the second tube will be the length corresponding 
to 50°. 

Graduate the tubes to within a short distance of the bulb, and the 
best plan is perhaps to number the degrees from one extremity of 
the instrument, beginning 0...10...20, &c., on to the mark on that 
side nearest the bulb. Suppose this mark is numbered 100°; then 
number the mark nearest the bulb on the other side also 100°, and 
go on upwards numbering 110°, 120°, 130°, &e., until reaching the 
other extremity of the instrument. In the next place ascertain the 
temperature of the mercury when it fills the bu! and reaches only 
to the nearest mark on both sides. 

Let this be C°. In taking an observation, note the numbers at 
both extremities of the mercury, and deduct the less from the greater. 
To the positive remainder add the constant C with its proper sign, 
and the sum will give the true temperature. 


«« Electro-Physiological Researches.”—-Tenth Series. PartI. By 
Signor Carlo Matteucci, Professor in the University of Pisa. 

In the first section of this part of his Memoir, Professor Matteucci 
treats of the heat developed by muscles during contraction. Ad- 
verting to earlier experiments by other inquirers, in which a rise of 
temperature was observed to take place in the contracting muscle 
while the blood still continued to circulate through it, and where; 
consequently, it remained uncertain how far the effect might not be 
due to a modification of the circulation, the author describes his own 
experiments, by which it is shown that the muscles of frogs, after all 
circulation of the blood has ceased, and by the sole act of contraction; 
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cause a rise of temperature amounting to about half a degree Centi- 
grade. 

The second section is devoted to the consideration of the electric 
current exhibited by muscles at rest, and experiments are adduced in 
illustration of the following propositions :— 

a. The electro-motive power of a. cut muscle is independent of the 
size of its transverse section. 

6. The electro-motive power increases with the length of the 
muscle. 

ec. The electro-motive property of the muscles of living or recently 
killed animals is greater in mammals and birds than in fish and 
amphibia. The duration of this force, which in all cases decreases 
_ most rapidly in the first moments after death, is greater in fish and 
amphibia than in the higher orders of animals. 

d. The nerves have no direct influence on the electro-motive force 
of muscles. In general, all causes which exert an influence on the 
physical structure and chemical composition of muscles, so as to 
modify, in ways unknown, their irritability or contractility, act equally 
on their electro-motive power. 

Prof. Matteucci here takes occasion to state, that he has verified 
the important discovery of Du Bois Reymond, of the existence of an 
electric current in portions of nerve detached from the body,—a 
current which, like that of muscle, passes, in the galvanometer, from 
the surface of the nerve to the interior. He adds, that he could 
perceive no marked difference in the relative duration of the electro- 
motive power of muscle and nerve. 

In the third section, the author discusses anew, and with the aid 
of fresh experiments, the phenomenon originally named by him 7n- 
duced contraction, in which the nerve of a “ galvanoscopic limb” of a 
frog, being laid on a muscle of a living or recently killed animal, is sti- 
mulated by the contraction of that muscle, so as to cause at the same 
moment contraction in the muscles of the galvanoscopic limb. He 
endeavours to show, that this phenomenon is due to an actual electric 
discharge, which takes place in a muscle at the moment of contrac- 
tion, in an opposite direction to the ordinary current of the muscle 
while at rest. The deviation of the galvanometer-needle during the 
contraction of a muscle, which occurs in an opposite direction to 
that previously caused by the electric current generated by the 
muscle while at rest, was ascribed by M. Du Bois Reymond to the 
diminution or cessation of the latter current when the muscle con- 
tracts, and to the operation in such circumstances of the secondary 
polarity of the platinum plates of the galvanometer. Professor 
Matteucci, however, adduces various experiments to show, that, by 
certain arrangements described, he is able entirely to prevent the 
occurrence of secondary polarity, and that nevertheless the deviation 
of the needle takes place. 

After adverting to the want of reliable data on which to found an 
explanation of the physical cause of the phenomenon in question, the 
author hints, that as there is no analogy between the form of the 
voltaic electromotor and that of the molecular electromotor, it is not 
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impossible to conceive that the change of form which takes place in 
a muscle during contraction may be momentarily followed by the 
inversion of the muscular current in the exterior arc. He observes, 
that examples are not wanting, taken from certain cases of electro- 
dynamic induction, and also of voltaic circuits, in which this inversion 
of the current can be obtained by a change in the form, or relative 
distance of different parts of the circuit; but he adds, that this is a 
new field of inquiry, which cannot be given up to merely hypothetical 
views. 

The last section of the paper is devoted to the consideration of the 
mechanical effects of muscular contraction; and experiments are 
stated with a view to compare the effective work of a muscular con- 
traction, as determined empirically with the work calculated according 
to the principles of the dynamical theory of heat. 

Employing the dynamometer already described in the fourth series 
of his researches, the author has found that the mechanical work 
effected by a single contraction of the gastrocnemius muscle of a 
frog may be expressed by 0°00001457 kilogramme-metres. Deter- 
mining next the quantity of zinc required to be oxidated in the pile 
in order to excite a single contraction, he finds that the force de- 
veloped by the muscle is enormously greater than could be accounted 
for on the supposition that it is produced by the conversion into 
muscular energy of the equivalent of electricity corresponding to the 
quantity of zinc oxidated. He accordingly concludes, that the 
electric current which excites a muscle to action does not represent 
the force exerted by the muscle, which is more probably tu be 
referred to the chemical changes, such as oxidation, which take 
place in the muscular tissue during contraction. The consideration 
of this branch of the inquiry will form the subject of the second part 
of the Memoir. 


*‘On the Existence of Multiple Proportion in the quantities of 
Heat produced by the Chemical Combination of Oxygen and other 
bodies.”” By Thomas Woods, M.D. 

This paper is, in substance, the same as a former paper, bearing a 
similar title, read before the Royal Society on the 10th January 1856, 
but contains a more detailed account of the mode of performing the 
experiments. A repetition of the experiments mentioned in the 
former paper has led to very nearly the same numerical results, 
except in the case of molybdenum, which is found to give 4°8 ther- 
mal units by combining with oxygen, instead of 3°38, the number 
formerly given. 


‘* Researches into the nature of the Involuntary Muscular Fibre.’’ 
By George Viner Ellis, Esq., Professor of Anatomy in University 
College, London. 

Having been unable to confirm the statements of Professor Kolliker 
respecting the cell-structure of the involuntary muscular fibre, the 
author was induced to undertake a series of researches into the nature 
of that tissue, by which he has been led to entertain views as to its 
structure in yertebrate animals, but more especially in man, which 
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_are at variance with those now generally received. The present 
communication contains the results of these inquiries, which tend to 
show that the voluntary and involuntary muscles resemble each 
other very closely in the arrangement and constitution of their fibres. 

After adverting to the present state of opinion on the subject, the 
author gives an account of his own observations, and treats successively 
of the interweaving of the fibres, their size, form, and ultimate 
structure ; their mode of attachment at their extremities, their length, 
and the corpuscles connected with them. He devotes a section also 
to the question of the periodic formation and destruction of muscular 
fibres in the uterus, in its different conditions; and while he is led 
by his own investigations to recognize an enlargement in size of the 
individual fibres of that organ during pregnancy, followed by subse- 
quent diminution, he is unable to confirm the doctrine of new forma- 
tion. Moreover, he finds that during pregnancy a considerable 
amount of granular matter, with round or oval granular-cells, is 
deposited among the fibres. He adduces reasons for believing that 
this substance cannot be regarded as a blastema, nor its imbedded 
cells as formative cells, for the production of new fibres; and he is 
disposed to ascribe the enlargement of the uterus in pregnancy prin- 
cipally to the enlargement of the muscular fibres, and the addition of 
this new deposit. 

The following is a summary of the conclusions which the author 
has arrived at on the main subject of his inquiry :— 

In both kinds of muscles, voluntary and involuntary, there is an 
interweaving of the fibres with the formation of meshes. 

The fibres in both kinds are long, slender, rounded cords of uni- 
form width, except at the ends, where they are fixed by tendinous 
tissue ; and in both, the size of the fibres in the same bundle varies 
greatly. 

In neither voluntary nor involuntary muscle is the fibre of the 
nature of a cell, but in both is composed of minute threads or fibrils. 
Its surface-appearance in both kinds of muscle allows of the supposi- 
tion that in both it is constructed in a similar way, namely, of small 
particles or ‘sarcous elements,’ and that a difference in the arrange- 
ment of these elements gives a dotted appearance to the involuntary 
and a transverse striation to the voluntary fibres. 

The length of the fibres varies in both cases with the organ or 
part examined, and the connexion with tendon always takes place 
after the same manner, whether the fibre is dotted or striated. 

On the addition of acetic acid, fusiform or rod-shaped corpuscles 
make their appearance in all muscular tissue ; these bodies, which 
appear to belong to the sheath of the fibre, approach nearest in their 
characters to the corpuscles belonging to the yellow or elastic fibres 
which pervade various other tissues ; and, from the apparent identity 
in nature of these corpuscles in the different textures in which they 
are found, and especially in voluntary as compared with involuntary 
muscle, it is scarcely conceivable that in the latter case exclusively 
they should be the nuclei of oblong cells constituting the proper 
muscular tissue. 
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The paper concludes with a statement of the mode of procedure 
which the author has found most suitable for examining the tissue 
which forms the subject of his inquiry. 


** Account of the Construction of a Standard Barometer, and of 
the Apparatus and Processes employed in the Verification of Baro- 
meters at the Kew Observatory.” By John Welsh. 

After stating the results of experiments, made under the superin- 
tendence of the Kew Committee, for the construction of a barometer 
tube of large diameter by the usual method of boiling the mercury 
in the tube, the author proceeds to describe a method of filling a 
tube with the aid of an air-pump. In this process, which is fully 
detailed in the paper, the tube is so constructed, that when the air 
has been extracted from it, the mercury enters by atmospheric 
pressure, provision being made for entirely removing the air which 
the air-pump has failed to extract. By this method a barometer 
tube of 1:1 inch internal diameter has been satisfactorily prepared at 
the Kew Observatory. The author then describes the mounting and 
mode of observing the standard barometer, proceeds to explain the 
processes adopted in the verification of barometers, and gives a 
detailed description of the apparatus for determining the errors of 
barometers at different atmospheric pressures. 


** On the Lunar-diurnal Magnetic Variation at Toronto.’ By Major- 
General Edward Sabine, R.A., D.C.L., Treas. and V.P.R.S. 

This paper contains the results of an investigation into the moon’s 
diurnal influence on the horizontal and vertical components of the 
magnetic force at Toronto, and the consequent deduction of the lunar- 
diurnal variations of the inclination and of the total force at that 
station. The observations from which the results were obtained 
consisted of five years of hourly observation of the bifilar and ver- 
tical force magnetometer, ending June 30, 1848, from which the 
disturbances of largest amount had been separated as described in a 
paper previously communicated (Phil. Trans. 1856, Art. XV.). The 
results derived from the mean of the five years are confirmed by 
the accord which is shown of the means of each of the half-periods 
into which the observations of the five years are divided for that 
purpose. 

To complete the view of the moon’s diurnal influence on the mag- 
netic elements at Toronto, a recalculation has been made of the 
lunar-diurnal variation of the declination from the mean of siz years 
of hourly observation, ending June 30, 1848, employing the more 
perfect normals derived from the exclusion of the larger disturbances, 
as described in the paper above referred to (Phil. Trans. Art. XV. 
1856) ; and the confirmation is shown of the mean result of the six 
years by the accordance of three separate portions of two years each, 
into which the whole period of six years has been divided for that 
purpose. 

From these premises the author draws the following conclusions : 

1, The three magnetic elements concur in showing that the moon 
exercises a sensible magnetic influence at the surface of the earth, 
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producing in every lunar day a variation which is distinctly appre- 
‘ciable, in each of the three elements, by the instruments adopted and 
recommended in the Report of the Committee of Physics of the 
Royal Society, when due care is taken in conducting the observa- 
tions, and suitable methods are employed in elaborating the results. 
2. That the lunar diurnal variation in each of the three elements 
constitutes a double progression in each lunar day ; the declination 
having two easterly and two westerly maxima, and the inclination 
and total force each two maxima and two minima between two suc- 


- cessive passages of the moon over the astronomical meridian ; the 


variation passing in every case four times through zero in the lunar 
day. The approximate range of the lunar-diurnal variation at To- 
ronto is 38! in the declination, 4/'"5 in the inclination, and *000012 
part of a total force. 


~ 3. That the lunar-diurnal variation thus obtained appears to be 


consistent with the hypothesis that the moon’s magnetism is, in 
great part at least if not wholly, derived by induction from the 
magnetism of the earth. 

4. That there is no appearance in the lunar-diurnal variation of 
the decennial period, which constitutes so marked a feature in the 
solar diurnal variations. 


On Autopolar Polyedra.” By the Rev. Thomas P. Kirkman, 
M.A 


An autopolar polyedron is such, that any type or description that 
can be given of it remains unaltered, when summits are put for faces, 
and faces for summits. To every 6-gon B in it corresponds a f-ace 
6 (or summit 4 of (3 edges), which may be called the pole of that 
f-gon ; and to eyery edge AB, between the a-gon A and the /-gon 
B, corresponds an edge ab, between the a-ace a and the [-ace 3b. 
Two such edges are called a gamic pair, or pair of gamics. 

The enumeration of autopolar p-edra is here entered upon as a 
step towards the determination of the number of p-edra. The 
theorems following are established, and shown to be of importance 
for the solution of the general problem. 

TuroremM |1.—No polyedron, not a pyramid, has every edge both 
in «a triangle and in a triace. 

Def. An edge of a polyedron is said to convanesce, when its two 
summits run into one; and it is said to evanesce, when its two faces 
revolve into one. 

An edge (AB) is said to be convanescible, when neither of the 
faces A and B is a triangle, and (AB) joins two summits which have 
not two collateral faces, one in either summit, besides A and B. 

An edge (ad) is said to be evanescible, when neither @ nor 6 is a 
triace, and the two faces about (ad) are not, one in either, in two 
collateral summits, besides a and 0. 

TuroreM II.—Every polyedron, not a pyramid, has either a con- 
vanescible or an evanescible edge. 

Tueorem III.—dny p-edral q-acron, not a pyramid, can be 
reduced by the vanishing of an edge, either to a (p—1)-edral q-acron, 
or to a p-edral (q—1)-acron. : 

2 
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By such a reduction of a p-edral g-acron P to P’, of P! to P"", &., 
P can be shown to be generable from a certain pyramid II; by which 
it is meant that Il is the highest-ranked pyramid to which P can by 
such reduction be reduced. 

Hereby it is evident that the problem of enumeration of the a-edra 
is brought down to this: to determine how many (r+m)-edra are 
generable from the y-edral pyramid. 

The autopolars so generable are first considered, as the heteropolars 
are obtained by combination and selection of those operations with 
which the theory of the autopolars makes us acquainted. 

Autopolarity is of three kinds, nodal, enodal, and utral. 

Every even-based pyramid is nodally autopolar; @.e. it cannot 
but have two nodal summits. For example, the 5-edral and 
7-edral pyramids have the signatures of their faces and summits 
thus arranged,— 

1234 123456 
4321 6.5 4.3.2u45 


the upper line showing the triangles, and the lower the triaces about 
the base, which as well as its pole the vertex, is signed zero. The two 
triaces in the triangle 5 are 3 and 2; the two triangles in the triace 
1 are 6 and 1 in the 7-edron, and 4 and 1 inthe 5-edron. The nodal 
summits and faces are 3 and 1 in the 5-edron, and 4 and 1 in the 
7-edron. No other mode of autopolar signature is possible in these. 
Every odd-based pyramid is utrally autopolar. The 6-edral and 
8-edral pyramids may receive either of the signatures following :— 


12345 1234567 

54321 7654321 

12345 1234567 

45 123 5e71934 
the first of which lines exhibits nodal faces and summits 31 and 41, 
while in the second every triangle is opposite its polar triace, and no 
face or summit is nodal. 

No pyramid is enodally; autopolar, 7. e. capable of only enodal 
signature. If we draw a 7-gon whose summits are 1234567, and 
then the dotted lines 73 and 75, and next taking three points in it, 
complete the 5-gon 34089, and join 93, 92, 81, 87, 06, 05, 04, we 
can sign the faces thus :— 

045=1, 506=2, 6087=3, 781=4, 1892=5, 293=6, 39804=7, 
2371=0, 3754=8, 567=9. The type now represents an enodally 
autopolar 10-edron, in which no pair of gamics meet each other, or 
can by «ny autopolar arrangement be made to meet. The 18 edges 
of the solid are well represented thus, the odd places in a quadruplet 
showing summits, and the even, faces :— 


1520 2630 3748 4158 5269 6379 7410 0783. 8795 
0251 0362 8473 8514 9625 9736 0147 3870 5978 


The gamic pairs stand together, and no quadruplet exhibits fewer 
than four numbers. A nodally autopolar must always be, and a 
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utrally autopolar may always be so signed, that two pairs of gamics 
shall ‘exhibit in each quadruplet a duad of the form aa. “In the 
above type it is observable that every duad, as 15, occurs four times. 
The same thing is to be seen in every autopolar type of edges. 

If we make use of the closed 10-gon 1239804567, as directed in 
a paper “On the Representation of Polyedra,” in the 146th volume 
of the Transactions of the Royal Society, a paradigm of this 10-edron 
can be written out, exhibiting to the eye all the faces, summits, 
angles, and edges of the figure. 

The problems following are next proposed and solved. 

To find the number of autopolar (r+2)-edra generable from the 
(r+ 1)-edral pyramid. 

The answer is, (7>3), 


; {34 +P 3+ 2)4,-9+ (P—2r—3).2,_,b ’ 


where the circulator s,=1 or =0 as 7 is or is not =sm. 


To determine the number of autopolar (r+3)-edra generable from 
the (r+1)-edral pyramid. 
The solution is, (7>3), 


ara $6734 112-3674 244+-97.2, +(r3 +.290-+ 60)2,_.} 


9 220-7? __ 9.95. 


Hence it appears that there is one autopolar 6-edron, not a pyramid, 
and five autopolar 7-edra besides the 7-edral pyramid, viz. three 
generable from the 6-edral and two from the 5-edral pyramid, 

The problem of enumeration of the z-edra may, by a slight ex- 
tension of the meaning of partition, be stated thus: to determine 
the k-partitions of a pyramid; and this depends on the problem, 
to find the k-partitions of a polygon, and on this, which is nearly 
the same question, to find the k-partitions of a pencil. 

By the k-partitions of a p-gon is meant the number of ways in 
which & lines can be drawn not one to cross another, and ter- 
minated either by the angles of the polygon, or by points assumed 
upon its sides or within its areas so as to break up the system of one 
face and p summits into a system of 1+ faces and p+ summits, 
where A+i=h; it being understood that if a point be assumed 
within the area, three lines at least shall meet in it, and if on a side, 
one segment of it shall be counted among the / lines, The number 
of k-partitions proper, for which i=0, or of ways in which /-dia- 
gonals can be drawn none crossing another, is— 


pv" (p—3y 
(kt +2 ” 
which is also the number of ways in which a pencil of p rays can be 


broken up into p+é pencils, by the addition of / lines, each one con- 
necting two pencils, 
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GEOLOGICAL SOCIETY. 
# [Continued from p. 388.] 
* April 8, 1857.—Colonel Portlock, R.E., President, in the Chair. - 


The following communication was read :-—— 

“On the Species of Mastodon and Elephant occurring fossil in 
Great Britain.—Part I. Mastodon.” By H. Falconer, M.D., F.R.S., 
F.G.S. 

The object of this communication is to ascertain what are the species 

_of the Proboscidea found fossil in Britain; what the specific names 
which ought to be applied to them; and what the principal forma- 
tions and localities where they are elsewhere met with in Europe, 
The Mastodon of the Crag forms the subject of this first part of the 
memoir: the second part will treat of the Elephant-remains found 
in Britain. ‘The author commenced by insisting on the importance 
to geology that every mammal found in the fossil state should be 
defined as regards, first, its specific distinctness ; and, secondly, 
its range of existence geographically and in time, with as much 
severe exactitude as the available materials and the state of our 
knowledge willadmit. He observed that with regard to the remains 
of the proboscidean genera, Dinotherium, Mastodon, and Elephant, 
some of which abound in the miocene and pliocene deposits of 
Europe, Asia, and America, the opinions respecting the species and 
their nomenclature, in all the standard paleontological works on 
the subject, are extremely unsettled and often contradictory. 

Dr. Falconer then proceeded to explain his views of the natural 
classification of the proboscidean Pachydermata, recent and fossil, 
according to dental characters. In the Dinothere, with its tapiroid 
molars, the last milk-molar and the antepenultimate (or first) true 
molar are invariably characterized by a ‘‘ ternary-ridged-crown- 
formula,” or in other words, their crowns are divided into three trans- 
verse ridges. In the Mastodon not only the last milk-molar and 
the first true molar, but also the second or penultimate true molar 
(being three teeth in immediate contiguity), are invariably charac- 
terized in both jaws by an isomerous division of the crown into either 
three or four ridges; or, in other words, are severally characterized 
by either a “ternary-” or ‘‘ quaternary-ridge-formula.” ‘These 
three isomerous-ridged teeth are referred to as “ the intermediate 
molars.” To the ternary-ridged species the author assigns the sub- 
generic name of Trilophodon ; and Tetralophodon, to the quaternary- 
ridged species. The molar in front, and that one behind these in- 
termediate molars are also characteristically modified in these two 
subgenera. In Trilophodon the penultimate or second milk-molar 
is two-ridged, and the last true molar is four-ridged: in Tetralophodon, 
the former is three-ridged, and the latter five-ridged. - The author 
considers it highly probable that a subgeneric group characterized 
by a quinary-ridge-formula (Pentelophodon) has existed in nature, 
but of which no remains have yet been discovered. 


The Elephants are distinguished fromthe Mastodons by the absence 
of an isomerous-ridge-formula, as regards the three intermediate: 
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molars, and by the ridges ranging from six up to an indefinite 
number in these teeth, in different groups of species. Dr. Falconer 
arranges the numerous fossil and recent forms in three natural sub- 
genera, founded on the ridge-formula, in conjunction with other 
characters. In the Stegodon (comprising besides other forms the 
Mastodon elephantoides, Clift) the ridge-formula is hypisomerous ; 
and the ridges number six or eight. The Lowodon (including the 
African Elephant) is also hypisomerous, and has from seven to nine 
plates or ridges. The Euelephas (including the Elephas indicus 
and six fossil species) is the largest and most important group, 
and comprises the typical Elephants having thin-plated molars. 
Here the ridge-formula is anisomerous, and regulated by progressive 
increments, as 8, 12, 16; the higher its numerical expression, the 
greater the liability to vary, within certain limits dependent upon 
the race, sex, and size of the individual; the lower molars often 
exhibiting an excess of plates over those in the upper molars. 

Reverting to the Mastodons, Dr. Falconer observed that the sub- 
genera Trilophodon and Tetralophodon, as regards number of forms, 
are of nearly equal value; the former comprising seven, and the 
latter six well-marked species. Each group is divisible into two 
parallel subordinate groups. In the one series the ridges are broad, 
transverse, more or less compressed into an edge; with the inter- 
mediate valleys open throughout and entirely uninterrupted by sub- 
ordinate tubercles. These are represented in Trilophodon by T'riloph. 
ohioticus, and in Tetralophodon by Tetr. latidens. In the other 
series the ridges are composed of blunt conical points, which are 
fewer in number, flanked in front and bebind by one or more 
subordinate outlying tubercles, which disturb the transverse direction 
of the ridges and block up the valleys. This series is represented by 
Trilophodon angustidens and by Tetralophodon arvernensis. In both 
subgenera the species with transverse compressed ridges may be 
compared with Dinotherium, as regards their molar crowns; and 
the other series with Hippopotamus. 

The European fossil species of Mastodon, according to the author, 
are the following :— T’rilophodon Borsoni, I. Hays, Tril. tapiroides, 
Cuvier, Tril. angustidens, Cuvier (pro parte), Tril. pyrenaicus, Lartet 
MS., Tetralophodon longirostris, Kaup, and Tetr. arvernensis, Croizet 
and Jobert. With the exception of Triloph. Borsoni and Tetral. 
arvernensis, which are of Pliocene age, the above-named species are 
of Miocene age. 

Dr. Falconer proceeded to state that the remains of only one species 
of Mastodon have hitherto been discovered in the British Isles. ‘They 
occur in what is called the Older Pliocene Red Crag, at Felixstow 
and Sutton, in Suffolk, and in the Newer Pliocene Fluvio-marine or 
Mammaliferous Crag at various localities near Norwich and in 
Suffolk. After remarking that Professor Owen had referred the 
teeth of the Crag Mastodon to M. angustidens, making M. longi- 
rostris and M. arvernensis to be synonyms of this species (as 
Cuvier had also done), Dr. Falconer gave in detail the history 
of the discovery and publication of the true M. angustidens (Cuvier), 
and of the M. arvernensis and M., longirostris. He then passed 
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in review the opinions and statements of these authors, as well as 
of Blainville, Laurillard, Gervais, Pomel, Lartet, and Sismonda, on 
these species, and on the specimens which these observers had 
severally described, sometimes under additional specific names, 
He then described the characteristic peculiarities both of the molars 
and of the symphysis of the lower jaws in these three species; 
and showed that the molars from the Crag Mastodon were, like 
those of Tetral. arvernensis, characterized by four-ridged molars, 
with their conical points more or less alternating, and with their 
valleys blocked up; and that they essentially differed from the molars 
of the Triloph. angustidens from Simorre, Dax, &g., and from the 
Tetral. longirostris of Eppelsheim. The M. arvernensis of Mont- 
pellier, Auvergne, Italy, &c. had no lower tusks; and the author is of 
opinion that the only specimen which has been figured and described 
as one of the lower tusks of the Crag Mastodon is a terminal fragment 
of one of the upper tusks of that species. 

From osteological considerations it appears that Tetral. arver- 
nensis was of a low and heavy make; that Tetral. longirostris was 
of similar general proportions; and that Triloph. angustidens was 
higher in its limbs and of a comparatively light and slender shape. 

In his observations on the geological age and associated faunas 
of the formations in which these species severally occur, Dr. Falconer 
observed that Trilophodon angustidens is a characteristic species of 
the miocene falunian beds throughout Europe, and is associated with 
Triloph. tapiroides in the Faluns of France and the upper freshwater 
Molasse of Switzerland. Tetralophodon longirostris is an important 
member of the Eppelsheim fauna, which, though its determination 
is accompanied with great difficulty, appears to be identical in its 
leading features with that of the falunian deposits of France and 
Switzerland. The Tetralophodon arvernensis is characteristic of the 
pliocene fauna; and it had a very extended range of habitat over 
Europe, accompanying Lozxodon meridionalis (Nesti) in Tuscany,— 
Trilophodon Borsoni, Loxodon priscus, and Luelephas antiquus in Pied- 
mont and Lombardy,—Lozodon meridionalis at Montpellier,—and 
Tril. Borsoni, Lox. meridionalis, and Lox. priscus, in Velay and 
Auvergne. After having reviewed the circumstances under which 
Mastodon remains occur in the British strata, Dr. Falconer con- 
cludes that,—1st. The Mastodon remains which have been met with 
in the Fluvio-marine and Red Crags belong to a pliocene form, namely 
Tetralophodon arvernensis. 2ndly. ‘The Mammalian fauna of the Red 
and Fluvio-marine Crags, regarded as a whole, bears all the cha- 
racters of a Pliocene age, and is identical with the Subapennine 
Pliocene fauna of Italy. 3rdly. The Red and Fluvio-marine Crags, 
tested by their mammalian fauna, must be considered as beds of the 
same geological age. 

Throughout this paper, for the sake of clearness, the subgeneric 
names have been used in designating the species. The author, 
finding that the name Hlasmodon, applied to the third group of 
Elephants, in the ‘Fauna Antiqua Sivalensis,’ in 1847, had been 
previously used for a fossil fish, has abandoned it, and applies the 
term Euelephas in lieu of it, 
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April 22, 1857.—Colonel Portlock, R.E., President, in the Chair. 


The following communications were read :— 

1. ‘*‘ Description of a Crustacean from the Lias Bone-bed.” By 
C. Gould, Esq., B.A. Communicated by J. W. Salter, Esq., F.G.S. 

The specimen described was found in a coprolitic mass from the 
bone-bed of Aust passage, by E. Higgins, Esq. It consists of a 
carapace and four abdominal segments. The former is smooth, sub- 
rectangular, with the eyes widely separated, and has three longitu- 
dinal ridges, and a cervical furrow extending right across the carapace. 
Thelatter are sculptured somewhat after the pattern of Nephrops and 
are two lines in length altogether. Some small fragments of subtri- 
gonal limbs accompany the carapace. After comparing the spe- 
cimen with the known forms of Stomapoda and Macrura, the 
author concludes by stating that it appears to be a Decapodous 
Crustacean presenting certain points of resemblance to Scyllarus 
and Nephrops, but not assignable to any existing genus. Mr. 
Gould names it Tropifer levis. 


2. “ Description of a Crustacean (Pygocephalus Cooperi) from the 
Coal-measures.” By Prof. Huxley, F.G.S. 

This new and remarkable Crustacean is represented by three 
specimens in ironstone nodules ; each presenting, from the breakage 
of the nodules, the ventral surface in relief, with the corresponding 
impression. Two of the specimens are the property of R. S. Cooper, 
Esq., of Bilston, and were obtained from the shale overlying the 
upper or thick coal-beds of that place, and were associated with 
fragments of Pecopteris. The other specimen belongs to the Man- 
chester Museum, and was derived from the coal-shales at Medlock 
Park Bridge. The animal is about 13 inch in length; its ventral 
surface presents at one extremity a quadrate disk, about = inch long, 
furnished anteriorly with two pairs of jointed appendages (the large 
outer pair being antenne; the inner smaller pair, the antennules), and 
margined by the narrow flattened edges of the carapace. The central 
portion of the body is about } an inch in length, and is divided into 
a series of seven thoracic segments, composed of one medial and 
two lateral subquadrate plates, and increasing in size backwards by 
the gradual widening of the medial plates. Each segment is provided 
with a slender jointed limb on either side: the limbs are directed 
either forward or outward; and in one instance at least there is 
clear evidence of a fine, jointed filament, or exopodite, attached to 
a limb (the fifth). The posterior extremity of the specimen (consti- 
tuted by the termination of the large abdomen, bent upon itself) is 
much wider than the other, and has the form of a semicircular 
disk ; the base of the semicircle forming the widest part of the body, 
and being about half an inch distant from the centre of the curve. 
This semicircular, caudal plate is traversed by a linear depression at 
about the middle of its length; another transverse depression mark 
is near its periphery ; and, on clearing away the matrix from the 
opposite surface of one of the specimens, this portion was found to 
be continued underneath with a greater convexity, and with indica- 
tions of other transverse lines of depression, bounding dorsal 
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segments. The surface of the caudal plate is also divided longi- 
tudinally by two depressions into three broad subtriangular lobes. 

Prof. Huxley described in detail the process of his determination 
of the above-described characters from the successive examination of 
the several specimens; and intimated that at first, so problematical 
were the characters afforded by one or two specimens only, that the 
broader extremity was regarded as possibly the cephalic buckler of an 
anomalous Apus-like crustacean, with its dorsal surface presented to 
view. Subsequent examination of the specimens kindly lent by 
Mr. Cooper enabled the author to take a.different and more probable 
view of the structural relations of these interesting fossils. Mr. 
Huxley pointed out that the Pygocephalus Cooperi has some peculiar 
relations with the little Mysis or Opossum-shrimp, especially in the 
schizopodous character of its thoracic appendages, in the proportional 
size of the carapace, and in the gradual increase in width, from 
before backwards, of the sterna of the thoracic somites, In the 
proportions of its abdomen, however, the Pygocephalus approximates 
more nearly to the true Stomapoda; and a Gonodactylus bent upon 
itself presents an appearance in some respects very analogous to that 
of the fossils in question. 


3. “ On the Geology of Strath, Isle of Skye.’ By A. Geikie, 
Esq. Communicated by Prof. Ramsay, F.G.S. 

In his introduction the author referred to Prof, Jameson’s mine- 
ralogical observations on this district, to Dr. Macculloch’s subsequent 
and more extensive descriptions, and to Sir R.. Murchison’s further 
account of the stratified rocks of the eastern coast of Skye. The 
character and sequence of the liassic beds of Strath were then detailed; 
the author pointing out some instances in which his recent observa- 
tions do not bear out Dr. Macculloch’s account of the geology of this 
part of Skye. Mr. Geikie enumerates the following liassic beds, as 
occurring in Strath :—1. (lowest, and resting on the red sandstone 
and quartzite of Sleat) a fine conglomerate, 2 to 3 feet thick, seen 
at Heast; 2. green and yellow sandstone, 3 to 15 feet ; 3. limestone, 
1 foot: coral-bed (with Jsastrea), 2 feet ; 4. calcareous grit, 7 to 8 
feet; 5. limestone with occasional seams of shale: Nos. 4 and 5 
contain Ammonites, Gryphee, and Pentacrinites : Nos. 2 to 5 are seen 
at Lussay; 6. white sandstone ; 7. dark brownish-grey sandy shale ; 
8. calcareous brecciated conglomerate, seen at Obe Breakish ; 
9. limestones and shales in alternate bands (Broadford); 10. calca- 
reous grits with Gryphee, seen at Corry: Nos. 1 to 10 are referred 
to the Lower Lias; 11. dark grey or brown sandy micaceous shales 
(Pabba), with numerous fossils; and 12. dark calcareous shales 
(Scalpa), with Pecten, Ostrea, &c.: Nos. 11 and 12 are referred to 
the Middle Lias. The dip of these beds along the author’s section 
from their base at Lussay to their top at Scalpa House is N.W. at 
an angle of 5° to 8°; and he estimates their thickness at about 1500 
feet. Taken as a whole, the liassic beds of Strath appear to form 
a great synclinal trough, striking N.W. to S.E., bounded by syenite 
and red sandstone, and ridged up along its centre by an anticlinal 
axis. Mr. Geikie, in describing the several exposures of the beds 
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along the north and south coasts of Strath and in the interior, par- 
ticularly noticed the occurrence of white quartzite in the lower lime- 
stone near Suisnish, and the limestone-breccia skirting the long 
sandstone-ridge traversing Strath. The igneous rocks, comprising, 
Ist, the great eruptive syenitic masses, and 2ndly, the innumerable 
dykes of augitic trap, were then described; the junctions of the syenite 
with marble and with shale, and the metamorphism of the calcareous 
rocks, being specially illustrated. The igneous eruptions in Strath 
appear to have been all posterior to the middle lias; the first period 
of volcanic activity gave rise to a profusion of trap-dykes traversing 
every part of the district, but not materially altering the position or 
texture of the strata; subsequently vast tracts of syenite tilted up 
the lias-beds, and extensively metamorphosed them; lastly, great 
masses of fine-grained syenite, associated with greenstone-dykes, were 
intruded among the beds without either tilting or altering them to 
any great extent. 

This paper was accompanied by a note on Mr. Geikie’s fossils by 
Dr. Wright. Jsastre@a Murchisoni (sp nov.), Ostrea arietis, and Car- 
dinia concinna were found at Lussay: Belemnites elongatus, B. paz- 
illosus, B. breviformis, Ammonites Jamesoni, A. brevispina, A. Davei, 
Trochus imbricatus, Pholadomya ambigua, Pleuromya Scottica (sp. 
noy.), P. unioides, Unicardium cardioides, Pinna folium, Mytilus scal- 
prum, Lima gigantea, L. Hermanni, Limea acuticosta, Inoceramus 
ventricosus, Pecten equivalvis, Plicatula spinosa, Gervillia Maccullochii 
(sp. nov.), Gryphea cymbium, G. obliquata, and Rhynchonella tetra- 
hedra occur in the Pabba shales. Pecten equivalvis and Avicula, sp., 
are described as occurring at Scalpa. 


LXII. Intelligence and Miscellaneous Articles. 


ON THE TEMPERATURE OF FOAM. 


To Dr. Tyndall, F.R.S. §c. 
Museum of Practical Geology, 
Dear Sir, May 4, 1857. 
Bae remarks in the last Number of the Philosophical Magazine, 
on the Temperature of Foam, recall to my mind an observation 
of a similar kind made by myself and my friend, Mr. James Simpson, 
jun., when on a pedestrian excursion in Surrey in December 1855. 

Our attention was arrested, on arriving at the last lock on the 
river Wey, at the distance of about half a mile from the point where 
it empties itself into the Thames, by the production of an extraordi- 
nary amount of foam, in consequence of the falling of the river over 
a weir. 

This foam was not only unusual in amount, but had a peculiar 
soapy appearance, and on dipping the hand into it was found to be 
quite warm: fortunately we had a thermometer with us, and were 
therefore enabled to measure the extent to which the temperature of 
the foam exceeded that of the water on which it was formed. 

The temperature of the water was 42°°5 F., whilst that of the foam 
was 45°, so that the foam was 2°5 warmer than the water. The 
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thought immediately struck me that its warmth must be due to the 
air enclosed within it; and if such were the case, it should have a 
temperature intermediate between that of the water and the air. 
And such really was the case; for the air, though feeling very cold 
in consequence of a strong easterly wind blowing, did not fall 
below 50° F. 

I may state that the phenomenon appearing to me very curious at 
the time, considerable care was devoted to the observation of these 
temperatures, the thermometer being allowed to remain long enough 
in each medium to become quite stationary. 

I am, Sir, 
Yours respectfully, 
Henry M. Wirt, F.C.S., 
Assistant Chemist to the Government 
School of Mines. 


[I have a strong impression that the temperature of the foam in 
my case was much higher than that of the air. I, however, judge 
from my feelings merely, and I know that these are liable to error, 
A small india-rubber balloon, for example, held in the hand feels 
warm.—J. T.] 


DESCRIPTION OF A NEW BAROMETER. -BY M. DAVOUST. 

This barometer is founded on the following principle. Suppose 
a cylindrical glass tube, in a vertical position, containing a small 
column of mercury, and of which the extremities may be opened and 
hermetically closed at pleasure. Let S be the upper and I the 
lower extremity; the column of mercury is in contact with S, 
which is closed. I is at first open, then reclosed; S is opened: 
the mercury sinks in small quantity. When it has again acquired 
its position of equilibrium, S$ is again closed and I opened: a fresh 
sinking of the mercury takes place. I give the name of operation 
to the successive opening of the upper and lower extremities. The 
fall of the mercury at the end of the first operation, is a function 
of the atmospheric pressure ; but this fall is too small to enable us 
to judge with sufficient exactitude of the pressure of the external 
air. To remedy this inconvenience, the same operation is repeated 
until the mercury arrives as close as possible to the extremity I; the 
total fall of the mercury may then be measured with sufficient ex- 
actitude to enable us to judge from these variations, as well as from 
the number of operations performed, of the variations of the atmo- 
spheric pressure. Such is the fundamental idea of the barometer 
which I call the repeating barometer. 

It consists essentially of a graduated glass tube, furnished at its 
two extremities with valves kept closed by a spring, and which may 
be opened by means of a kneed lever. But to make use of the 
instrument there are some essential conditions to be fulfilled, and 
this is the purpose of the construction which I describe in detail in 
my memoir. ‘Thus the caoutchouc forming the valves does not bear 
immediately upon the large glass tube, for some drops of mercury 
might remain adherent to it, which would render the observations 
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inexact. This caoutchouc presses upon small, perfectly capillary 
tubes with the point drawn out, penetrating 1 or 2 millims. into the 
tube; and this has the further advantage of causing the mercury to 
descend softly and without shocks, when it takes its successive 
positions of equilibrium, ‘The construction of the instrument allows 
the tube to be easily replaced by the operator himself if it should be 
broken; it also allows it to be cleaned and dried easily, if this be 
necessary, for to avoid alterations of curvature in the menisci which 
terminate the column of mercury, the tube must be perfectly dry. 
We also describe a small instrument of easy construction, by means 
of which the mercury is always introduced into the tube in the same 
quantity. 
I shall indicate the formule giving the atmospheric pressure. Let 
I be the length of the column of mercury, 
a that of the glass tube, 
L the atmospheric pressure in parts of a metre. 
Let A be the distance from the upper surface of the mercury to the 
extremity S of the tube, after 7 operations have been effected. 
We will suppose that before commencing operations we have 
ie 
Let L=nal, (a—)=ml, h=ql, ho=qol. 
Perform the (+ 1)th operation, and suppose that g becomes 
qi=q+Aq; we have the equation with finite differences 
Ag eek 
2 : ne’! ne—1? 
of which the integration gives 


zem[ (1-2) 1] + 00-2)" 


We shall have to deduce from this equation ” in function of ¢ 
and i; gp being very small, we neglect it at first, and the application 
of the formula of Lagrange to the equation 


b=o[(-3) 


41 = 
m 
gives to a sufficient degree of approximation 
pd i+] (@+))(2i+1) = (¢+ 1) Qi+1)(Gi+3) | ie 


making 


p and p= a 
pe 


2p 6p® 243 
n, is only the approximate value of nm. Making 
n=n,(1+e), 
we have n,e= po (u+2,)(n?,—1) Sif yoee Yo 


2i(ut+n,)—p(n*,—1) m- 
In this way the question is solved, but it is more simple to employ 


the formula 1\-i 
mba) 
m n>, 


to calculate tables which will at once give n,, in function of ¢ and p, 


470 Intelligence and Miscellaneous Articles. 


this is what we have done in calculating the table relating to i=4, 
i=5, up to i=11, which is sufficient for all possible cases. 


As the formula 1 \-i 
ne Ice) seh 
an 


is not exact, we have endeavoured to make the necessary correction 
to », so that on consulting our tables, we may come at once upon 
the exact value of z, and we have found 


semvnr(24 


fine MB esi ohts, 

. m a—l 

The coefficient io is obtained by an observation made simultaneously 
with the repeating and ordinary barometers. We have calculated a 
small table giving this correction Ap. 

The accuracy of the repeating barometer to that of the ordinary 
barometer is in the proportion of g to 2; taking a= 0-450 M, 
1=0:070 M; this exactitude at the level of the sea is nearly as 4 
is to 1; that is to say, that 1 millimetre of variation of the ordinary 
barometer corresponds with about 3 a millimetre of that of the re- 
peating barometer. But this exactitude increases in proportion as 
we rise, because then z diminishes, and at an elevation of 2000 to 
3000 metres the two exactitudes are nearly equal. 

In a numerous series of observations made with the two barome- 
ters, the disagreement rarely rose to 1 millim.; most frequently it 
was limited to a few tenths of a millim. more or less. 

Up to a certain point the observations may be verified by making 
them with two consecutive values of i, which ought to give nearly 
the same value for 2. 

I must not omit to mention that my formule suppose the tube to 
be perfectly cylindrical, which is very rarely the case, but from their 
construction the tubes affect a slightly conical form. To remedy 
this inconvenience, I show that with a sufficient approximation it 
suffices to make the observations twice, keeping each extremity of 
the tube successively in the air, and taking the average of the values 
thus observed of h 


7th 
57, p. 658. 


or 


p= 


4 
m 
—Comptes Rendus, March 30, 18 


ON A NEW LOCALITY FOR THE MINERAL ATACAMITE. 
BY J. J. MONTEIRO. 

This mineral (CuCl]+ 3CuO HO) occurs abundantly crystallized 
on malachite, massive quartz and gozzan, obtained from the extra- 
ordinary deposit of malachite in the Serra do Bembe near Ambriz, 
on the west coast of Africa. It occurs in small, distinct, rhombic 
prisms, translucent, and of a light to opake and dark green colour 
with vitreous lustre ; the symbols, for the crystals being, according 
to Naumann’s system, =~oP.Po. 

The probable existence of this mineral in considerable quantity at 
the above locality, as at Atacama and other parts of Chili, remains 
to be yet ascertained. 


> 
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THE IMPROVED INDUCTION COIL. 


To the Editors of the Philosophical Magazine and Journal. 


128 Sloane Street, Chelsea, 
GENTLEMEN, May 18, 1857. 

I regret that Dr. Noad’s disinterested conduct to a stranger should 
have induced Mr. Hearder to make such statements as those which 
appeared in the Philosophical Magazine of this month. He there 
intimates that Dr. Noad introduced the instrument of his friend 
during a lecture given at the Polytechnic Institution, thereby doing 
him (Mr. Hearder) a commercial injury. Now I had seen Dr. Noad 
but once before that lecture was delivered, I could not therefore have 
been honoured by his friendship; and had I been so fortunate, would 
it have been just to suppress my humble attempts at improvement 
for the sake of Mr. Hearder’s pecuniary advantage ? 

With regard to Mr. Hearder’s claim to the honour of having 
introduced the improved induction coil into this country, I may state 
that the coil which was exhibited at the Polytechnic Institution on 
the 29th of September, was commenced in January and finished in 
March 1856. This is not of much importance; and I should not 
have named it, had it not been stated that I had constructed my coil 
but a few weeks antecedent to the day of the lecture; for it appears 
to me that the individual who first makes an improvement public 
ought to have some slight share of the credit for such improvement, 
although there may be others working in the same field with him. 

I fear that if Dr. Whitehouse comes forward as a claimant for the 
honour of improving the induction coil, we shall be poorly off; for he 
has not only improved that instrument, but practically applied it to 
telegraphic purposes, thereby rendering it of high commercial im- 
portance. 

I am, Gentlemen, 
Yours obediently, 
C. A. BENTLEY. 


ON THE ABSORPTION OF LIGHT IN TRAVERSING COMETS. 
BY M. BABINET, 


I have endeavoured by every means which can be furnished by 
optics, to ascertain the probable mass and density of comets. Ac- 
cording to the estimates of Sir John Herschel, of Bessel, Struve, 
Admiral Smyth, and even of Arago, the contrast of intensities has 
given me as the atmospheric equivalent of a comet a number so small, 
that it reduces to almost nothing the mass and the density of these 
stars, which are not even gaseous, as is proved by the exact measure- 
ments of Struve and Bessel, who were unable to detect any refrac- 
tion in the nucleus of comets. 

It will be easily supposed that the absorption of light in traversing 
material media was not the last optical notion to which I had recourse 
in order to investigate the very exceptional nature of these moveable 
masses of nebulous substance. But the result at which one arrives 
is so exorbitant, that I should not have ventured to place it before 
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the Academy if it had been anything but the immediate deduction 
from facts and laws admitted by every one. 

Sir John Herschel, as far as I am aware, is the only person who 
has indicated how weak was the absorption of light in traversing 
comets, although nearly all other astronomers have perceived that 
the nebulosity of comets did not sensibly weaken the light of the 
smallest stars when these were seen through their tails, or even 
through their nuclei. ‘The following are the numbers relating to 
the fourth comet of 1825, called the Great comet of the Bull (Hind’s 
Catalogue), discovered by Pons, at Marseilles, on the 15th of July. 
It passed at the perihelium on the 10th of December; and at a mo- 
ment when it could not yet have become hollow, namely the 15th of 
August, Pons ascertained that a star of the fifth magnitude, which 
was seen across its centre, had undergone no sensible diminution of 
brilliancy. 

From this we may conclude that the star had not lost half a mag- 
nitude, thatis to say, a fifth of its light (if we admit, with Messrs.John- 
son and Pogson, that a star diminishes one magnitude when its light 
is reduced to 2ths of what it was originally). ‘The star consequently 
retained at least 4ths of its original brilliancy. 

We know also. that the light of the stars in passing even perpen- 
dicularly through the atmosphere, loses more than jth of its inten- 
sity, and is not more than 3ths of what it was at its entrance into 
the upper strata of the air. Taking 8 kilometres as the thickness of 
the whole atmospheric stratum reduced to the density possessed by 
this fluid at the surface of the earth, a single passage would reduce 
the light to 3ths of its original intensity ; two similar passages would 
reduce it to 3ths of 3ths, or ¥%;ths; and lastly, a passage through a 
space a thousand times greater would reduce the intensity to the 
number 3ths raised to the thousandth power. Now this is precisely 
the passage made on the 15th of August 1825, by the light of the 
star across the comet, the nucleus of which was more than 800 kilo- 
metres in diameter. This number 3ths raised to the thousandth 
power is a fraction having unity for its numerator, and for its deno- 
minator a number of 5 figures followed by 120 cyphers. 

To assimilate the comet to dilated atmospheric air, we must there- 
fore take air so rare that its density, multiplied by the above im- 
mense number, would only be equal to the fraction ¢. Let x be this 
hypothetical density, we should have 

xX o™ =4. 
We get for x a fraction having unity for its numerator, and for its 
denominator anumber superior to unity followed by 125 cyphers. 

When Herschel, in his last work on astronomy, spoke of a few 
ounces as the mass of the tail of a comet, he found nearly as many 
disbelievers as readers. Nevertheless his calculation is exaggerated 
in comparison with the preceding determination. 

But how are comets visible? I shall examine this question in ac- 
cordance with my theory of the light which is disseminated by small 
corpuscles forming a non-continuous medium.—Comptes Rendus, 
May 4, 1857, p. 885. 
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LXIII. On the Sounds produced by the Combustion of Gases in 
Tubes. By Joun Tynvatt, F.R.S.* 


N the first volume of Nicholson’s Journal, published in 
1802, the sounds produced by the combustion of hydrogen 
in tubes are referred to as having been “ made in Italy :” Dr. 
Higgins, in the same place, shows that he had discovered them 
in the year 1777, while observing the water formed in a glass 
vessel by the slow combustion of a slender stream of hydrogen. 
Chladni, in his ‘ Akustik,’ published in 1802, page 74, speaks 
of their being mentioned, and incorrectly explained, by De Luc 
in his ‘ New Ideas on Meteorology :’ I do not know the date of 
the volume. Chladni himself showed that the tones produced 
were the same as those of an open pipe of the same length as 
the tube which encompassed the flame. He also succeeded in 
obtaining a tone and its octave from the same tube, and in one 
case obtained the fifth of the octave. In a paper published in 
the Journal de Physique in 1802, G. De la Rive endeavoured to 
account for the sounds by referring them to the alternate con- 
traction and expansion of aqueous vapour ; basing his opinion 
upon a series of experiments of great beauty and ingenuity 
made with the bulbs of thermometers. In 1818 Mr. Faraday 
took up the subjectt, and showed that the tones were pro- 
duced when the glass tube was enveloped by au atmosphere higher 
in temperature than 212° Fahr. That they were not due to 
aqueous vapour, was further shown by the fact that they could 
be produced by the combustion of carbonic oxide. He referred 
the sounds to successive explosions produced by the periodic 
combination of the atmospheric oxygen with the issuing jet of 
hydrogen gas. This is undoubtedly the true source of the 
sounds. 

I am not aware that the dependence of the pitch of the note 
on the size of the flame has as yet been noticed. To this point 
I will, in the first place, briefly direct attention. 

* Communicated by the Author. 
t Journal of Science and the Arts, vol. v. p. 274. 


Phil. Mag. S. 4. No. 89. Suppl. Vol. 13. 2K 


474, Prof. Tyndall on the Sounds produced by 


A tube 25 inches long was placed over an ignited jet of 
hydrogen: the sound produced was the fundamental note of 
the tube. 

A tube 123 inches long was brought over the same flame, but 
no sound was obtained. 

The flame was lowered, so as to make it as small as possible, 
and the tube last mentioned was again brought over it ; it gave 
a clear melodious note, which was the octave of that obtained 
with the 25-inch tube. 

The 25-inch tube was now brought over the same flame ; it 
no longer gave its fundamental note, but exactly the same note 
as that obtained from the tube of half its length. 

Thus we see, that although the speed with which the explo- 
sions succeed each other depends upon the length of the tube, 
the flame has also a voice in the matter: that to produce a 
musical sound, its size must be such as to enable it to explode in 
unison either with the fundamental pulses of the tube, or with 
the pulses of its harmonic divisions. 

With a tube 6 feet 9 inches long, by varying the size of the 
flame, and adjusting the depth to which it reached within the 
tube, I have obtained a series of notes in the ratio of the num- 
bers 1, 2, 3, 4, 5. 

These experiments explain the capricious nature of the sounds 
sometimes obtained by lecturers upon this subject. It is, how- 
ever, always possible to render the sounds clear and sweet, by 
suitably adjusting the size of the flame to the length of the 
tube *. 

Since the experiments of Mr. Faraday, nothing, that I am 
aware of, has been added to this subject, until quite recently. 
In a recent number of Poggendorff’s Annalen, an interesting 
experiment is described by M. Schaffgotsch, and made the sub- 
ject of some remarks by Prof. Poggendorff himself. A musical 
note was obtained with a jet of ordinary coal-gas, and it was 
found that when the voice was pitched to the same note, the 
flame assumed a lively motion, which could be augmented until 
the flame was actually extinguished. M. Schaffgotsch does not 
describe the conditions necessary to the success of his experi- 
ment; and it was while endeavouring to find out these condi- 
tions that I alighted upon the facts which form the principal 
subject of this brief notice. I may remark that M. Schaff- 
gotsch’s result may be produced, with certainty, if the gas be 
caused to issue under sufficient pressure through a very small 
orifice, 

* With a tube 144 inches in length and an exceedingly minute jet of gas, 


I obtained, without altering the quantity of gas, a note and its octave: the 
flame possessed the power of changing its own dimensions to suit both notes, 
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In the first experiments I made use of a tapering brass jet 
102 inches long, and having a superior orifice about zoth of an 
inch in diameter. The shaking of the singing flame within the 
glass tube, when the voice was properly pitched, was so manifest 
as to be seen by several hundred people at once. 

I placed a syrene within a few feet of the singing-flame, and 
gradually heightened the note produced by the instrument. As 
the sounds of the flame and syrene approached perfect unison, 
the flame shook, jumping up and down within the tube. The 
interval between the jumps became greater until the unison was 
perfect, when the motion ceased for aii instant ; the syrene still 
increasing in pitch, the motion of the flame again appeared, the 
jumpings became quicker and quicker, until finally it escaped 
cognizance by the eye. 

This experiment’ showed that the jumping of the flame, 
observed by M. Schaffgotsch, is the optical expression of the 
beats which occur at each side of the perfect unison: the beats 
could be heard in exact accordance with the shortening and 
lengthening of the flame. Beyond the region of these beats, in 
both directions, the sound of the syrene produced no visible mo- 
tion of the flame. What is true of the syrene is true of the voice, 

While repeating and varying these experiments, I once had a 
silent flame within a tube, and on pitching my voice to the note 
of the tube, the flame, to my great surprise, instantly started 
into song. Placing the finger on the end of the tube and silen- 
cing the melody, on repeating the experiment the same result 
was obtained. 

I placed the syrene near the flame, as before. The latter was 
burning tranquilly within its tube. Ascending gradually from 
the lowest notes of the instrument, at the moment when the 
sound of the syrene reached the pitch of the tube which sur. 
rounded the gas flame, the latter suddenly stretched itself and 
commenced its song, which continued indefinitely after the syrene 
had ceased to sound. 

With the jet which I have described and a glass tube 12 inches 
long and from } to 3 of an inch internal diameter, this result can 
be obtained with ease and certainty. If the voice be thrown a 
little higher or lower than the note due to the tube, no visible 
effect is produced upon the flame: the pitch of the voice must 
lie within the region of the audible beats. 

By varying the length of the tube we vary the note produced, 
and the voice must be modified accordingly, 

That the shaking of the flame, to which I haye already referred, 
roceeds in exact accordance with the beats, is beautifully shown 
y a tuning-fork which gives the same note as the flame, 

Loading the fork so as to throw it slightly out of unison with 
2K2 
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the flame, when the former is sounded and brought near the 
flame, the jumpings are seen at exactly the same intervals as 
those in which the beats are heard. When the tuning-fork is 
brought over a resonant jar or bottle, the beats may be heard 
and the jumpings seen by a thousand people at once. By chan- 
ging the load upon the tuning-fork, or by slightly altering the size 
of the flame, the quickness with which the beats succeed each 
other may be changed, but in all cases the jumpings address the 
eye at the same moment that the beats address the ear. 

With the tuning-fork I have obtained the same results as with 
the voice and syrene. Holding a fork over a tube which responds 
to it, and which contains within it a silent flame of gas, the 
latter immediately starts into song. I have obtained this result 
with a series of tubes varying from 10+ to 29 inches in length. 
The following experiment could be made. A series of tubes 
capable of producing the notes of the gamut, might be placed 
over suitable jets of gas; all being silent let the gamut be run 
over by a musician with an instrument sufficiently powerful, 
placed at a distance of twenty or thirty yards. At the sound of 
each particular note, the gas-jet contained in the corresponding 
tube would instantly start into song. 

I must remark, however, that with the jet which I have used, 
the experiment is most easily made with a tube about 11 or 12 
inches long: with longer tubes it is more difficult to prevent 
the flame from singing spontaneously, that is, without external 
excitation. 

-The principal point to be attended to is this. With a tube, say of 
12 inches in length, the flame requires to occupy a certain position 
in the tube in order that it shall sing with a maximum intensity. 
Let the tube be raised so that the flame may penetrate it to a less 
extent ; the energy of the sound will be thereby diminished, and 
a point (A) will at length be attained where it will cease alto- 
gether. Above this point, for a certain distance, the flame may 
be caused to burn tranquilly and silently for any length of time, 
but when excited by the voice it will sing. 

When the flame is too near the point (A), on being excited by 
the voice or by a tuning-fork, it will respond for a short time, 
and then cease. A little above the point where this cessation 
occurs, the flame burns tranquilly, if unexcited, but if once 
caused to sing it will continue to sing. With such a flame, which 
is not too sensitive to external impressions, I have been able to 
reverse the effect hitherto described, and to stop the song at 
pleasure by the sound of my voice, or by a tunmg-fork, with- 
out quenching the flame itself. Such a flame I find may be 
made to obey the word of command, and to sing or cease to sing, 
as the experimenter pleases. 
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The mere clapping of the hands, producing anexplosion, shout- 
ing at an incorrect pitch, shaking of the tube surrounding the 
flame, are, when the arrangements are properly made, ineffectual. 
Each of these modes of disturbance doubtless affects the flame, 
but the impulses do not accumulate, as in the case where the 
note of the tube itself is struck. It appears as if the flame 
were deaf to a single impulse, as the tympanum would probably 
be, and like the latter, needs the accumulation of impulses to give 
it sufficient motion. A difference of half a tone between two 
tuning-forks is sufficient to cause one of these to set the flame 
singing, while the other is powerless to produce this effect. 

I have said that the voice must be pitched to the note of the 
tube which surrounds the flame ; it would be more correct to 
say the note produced by the flame when singing. In all cases 
this note is sensibly higher than that due to the open tube which 
surrounds the flame ; this ought to be the case, because of the 
high temperature of the vibrating column. An open tube, for 
example, which, when a tuning-fork is held over its end, gives a 
maximum reinforcement, produces, when surrounding a singing 
flame, a note higher than that of the fork. To obtain the latter 
note the tube must be sensibly longer. 

What is the constitution of the flame of gas while it produces 
musical sounds? This is the next question to which I will briefly 
call attention. Looked at with the naked eye, the sounding 
flame appears constant, but is the constancy real? Supposing 
each pulse to be accompanied by a physical change of the flame, 
such a change would not be perceptible to the naked eye, on 
account of the velocity with which the pulses succeed each other. 
The light of the flame would appear continuous, on the same 
principle that the troubled portion of a descending liquid jet 
appears continuous, although by proper means this portion of 
a jet can be shown to be composed of isolated drops. If we 
cause the image of the flame to pass speedily over different 
portions of the retina, the changes accompanying the periodic 
impulses will manifest themselves in the character of the image 
thus traced. : 

I took a glass tube 3 feet 2 inches long and about an inch 
and a half in internal diameter, and, placing it over a very small 
flame of olefiant gas (common gas will also answer), obtained 
the fundamental note of the tube: on moving the head to and 
fro, the image of the sounding flame was separated into a series of 
distinct images; the distance between the images depended upon 
the velocity with which the head was moved. This experiment 
is suited to a darkened lecture-room. It was still easier to 
obtain the separation of the images in this way, when a tube 
6 feet 9 inches in length and a larger flame were made use of. 

As suggested to me by a lady, to whom I had the pleasure of 
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showing these experiments, the same result is obtained when an 
opera glass is moved to and fro before the eye. 

But the most convenient mode of observing the flame is with a 
mirror; and it can be seen either directly in the mirror, or by 
projection upon a screen. 

A lens of 33 centimeters focus was placed in front of a flame 
of common gas, upwards of an inch long, and a paper screen was 
hung at about 6 or 8 feet distance behind the flame. In front of 
the lens, a small looking-glass was held which received the light 
that had passed through the lens, and reflected it back upon the 
screen placed behind the latter. By adjusting the position of 
the lens, a well-defined inverted image of the flame was obtained 
upon the screen. On moving the mirror the image was displaced, 
and owing to the retention of the impression by the retina, 
when the movement was sufficiently speedy, the image described 
a continuous luminous track. Holding the mirror still, the 
6-foot 9-inch tube was placed over the flame : the latter changed 
its shape the moment it commenced to sound, remaining how- 
ever well defined upon the screen. On now moving the mirror, 
a totally different effect was produced : instead of a continuous 
track of light, a series of distinct images of the sounding flame 
was observed. The distance of these images apart varied with 
the motion of the mirror; and, of course, could be made, by 
suitably turning the reflector, to form a ring of images. The 
experiment is beautiful, and in a dark room may be made visible 
to a large audience. 

The experiment was also varied in the following manner :—A 
triangular prism of wood had its sides coated with rectangular 
pieces of looking-glass: it was suspended by a thread with its 
axis vertical ; torsion was imparted to the thread, and the prism 
acted upon by this torsion caused to rotate. It was so placed 
that its three faces received in succession the beam of light sent 
from the flame through the lens in front of it, and threw the 
images upon the screen. On commencing its motion the 
images were but slightly separated, but became more and more 
so as the motion approached its maximum. This once past, the 
images drew cloger together again, until they ended in a kind 
of luminous ripple. Allowing the acquired torsion to act, the 
same series of effects could be produced, the motion being in an 
opposite direction. In these experiments, that half of the tube 
which was turned towards the screen was coated with lamp- 
black, so as to cut off the direct light of the jet from the screen *. 


* Since these experiments were made, Mr. Wheatstone has drawn my 
attention to the following passage, which proves that he was the first to 
make use of the rotating mirror in examining a singing flame :—“ A flame 
of hydrogen gas burning in the open air presents a continuous circle in the 
mirror ; but while producing a sound within a glass tube, regular inter- 
missions of intensity are observed, which present a chain-like appearance, 
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But what is the state of the flame in the interval between two 
images? The flame of common gas, or of olefiant gas, owes its 
luminousness to the solid particles of carbon discharged into it. 
If we blow against a luminous gas-flame, a sound is heard, a 
small explosion in fact, and by such a puff the luminousness may 
be caused to disappear. During a windy night the exposed gas- 
jets in the shops are often deprived of their light and burn blue. 
In like manner the common blowpipe-jet deprives burning 
coal-gas of its brilliant light. I hence concluded, that the ex- 
plosions, the repetition of which produces the musical sound in 
the case before us, rendered, at the moment they occurred, the 
combustion so perfect as to extinguish the solid carbon particles, 
but I imagined that the images on the screen would, on closer 
examination, be found united by spaces of blue, which, owing to 
their dimness, were not seen by the method of projection. This 
in many instances was found to be the case. 

I was not, however, prepared for the following result :—A 
flame of olefiant gas, rendered almost as small as it could be, was 
procured. The 3-foot 2-inch tube was placed over it; the flame 
on singing became elongated, and lost some of its light, still it was 
bright at its top; looked at in the moving mirror, a beaded line of 
great beauty was observed; in front of each bead was a little lumi- 
nous star, after it, and continuous with it, a spot of rich blue 
light, which terminated, and left, as far as I could judge, a per- 
fectly dark space between it and the next following luminous star. 
I shall examine this further when time permits me, but as far as 
I can at present judge, the flame was actually extinguished and 
relighted in accordance with the sonorous pulsations. 

When a silent flame, capable, however, of being excited by the 
voice in the manner already described, is placed within a tube, 
and the continuous line of light produced by it in the moving 
mirror is observed, I know no experiment more pretty than 
the resolution of this line into a strmg of richly luminous pearls 
at the instant when the voice is pitched to the proper note. This 
may be done at a considerable distance from the jet, and with 
the back turned towards it. 

The change produced in the line of beads, when a tuning-fork 
capable of giving beats with the flame is brought over the tube 
or over a resonant jar near it, is also extremely interesting to 
observe. I will not at present enter into a more minute de- 
scription of these results. Sufficient, I trust, has been said to 
induce experimenters to produce the effects for themselves ; the 
sight of them will give more pleasure than any description of 
mine could possibly do. 


and indicate alternate contractions and dilatations of the flame corresponding 
with the sonorous vibrations of the column of air.”’— Phil. Trans., 1834, 
p. 586, 
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LXIV. On the Natural Groupings of the Elements. By Wi.- 
1AM Opxiine, M.B. Lond., Professor of Practical Chemistry 
at Guy’s Hospital; Secretary to the Chemical Society*. 


Part II. 


| i the former part of this communication I discussed the cor- 

relations of the principal chlorous elements, proceeding 
from the most chlorous downwards. I propose now to com- 
mence at the other extremity of the scale, and in considering the 
purely metallic groups, to proceed in the order of their basylous 
characters. 


Group V. Lithium, Sodium, Potassium. 


The mutual resemblance of these three metals is admitted on 
all hands. Their chief points of association are the following. 
Their atomic weights occur in sequence, that of sodium being 
the mean of the three :— 


Rathi « con'G:> 68°5 


Sodium . . 23:0 at: Wh 22'8 
Potassium. . 39:0 
SUM ae ee OS oO Mean difference = 16. 


The three metals are soft, fusible, volatile, and of low specific 
gravity; they decompose water at all temperatures, and are 
readily combustible. Hach metal forms only one class of salts. 
Nearly all the salts are soluble in water, and undecomposed by 
heat. Corresponding potassium, sodium, and probably lithium 
salts are isodimorphous; but the isomorphism of the group is 
not striking, inasmuch as the corresponding salts frequently 
crystallize with different proportions of water of crystallization. 
Very many of the salts present gradational properties : thus the 
carbonate of lithium is very sparingly soluble in water, that of 
sodium moderately soluble, that of potassium extremely soluble. 

The specificgravities of the three metals, Li=0°593, Na=0'972, 
and K=0°865, are not sequential. The atomic volume of sodium 
approximates to the mean of the three. Thus— 


Li = 186 993 

Na = 295 rar ue 
K = 562 

Sum 993 


* Communicated by the Author. 
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The atomic heat of sodium and potassium is double that of 
most of the metals. 


Group VI. Calcium, Strontium, Barium. 


All chemists are agreed in their association of these three 
metals into one group, which, however, is usually made to in- 
clude magnesium also. The principal points of analogy are, the 
relation of the atomic weights, that of strontium being interme- 
diate between the other two. 


Ca = 20 132:5 

Sr = 43:8 3 = 441 

Ba — 68°5 

Sum 132°3 Mean difference = 24. 


The saline atomic volumes of the three metals, as estimated 
by Kopp, present us with a similar sequence :— 


Sie EO 311 

Be = 108 3 = 108°7 
Ba = 148 

Sum 311 


The three metals are soft, readily fusible, decompose water at 
all temperatures, are easily combustible, and oxidize rapidly even 
in dry air. Each metal forms only one class of salts. The hy- 
drates, sulphides, sulphydrates, chlorides, and nitrates are soluble 
in water ; the carbonates, sulphates, borates, and phosphates are 
insoluble. The carbonates are all decomposed at a red heat. 
Of the three sulphates, that of calcium is the most soluble, then 
that of strontium, then that of barium. ‘The nitrate and chlo- 
ride of calcium are very deliquescent, those of strontium less so, 
those of barium not at all so. The corresponding salts are for 
the most part isomorphous. Thus BaCl.H?O is isomorphous 
with CaCl . H?O, and SrCl.3H?O with CaCl.8H?O. Witherite is 
isomorphous with cale-spar, strontianite with arragonite. Heavy 
spar, celestine and anhydrite, all crystallize in the right prismatic 
system, &c. 

The metals of the fifth and sixth groups are the only ones 
that form decidedly soluble hydrates and sulphides. The so- 
luble sulphates of lithium and sodium are associated with the m- 
soluble sulphates of strontium and barium by means of the spa- 
ringly soluble sulphates of potassium and calcium. Of the three 
alkaline metals, however, lithium seems to approximate most 
to those of the alkaline earths. A curious isomorphism of cal- 
cium with potassium and sodium is exhibited between the nitrates 
and carbonates. We have 
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Na NO? isomorphous with Ca? CO? in cale-spar, 


and 
_ KNO$ isomorphous with Ca? CO? in arragonite. 


Group VII. Magnesium, Zinc, Cadmium. 

These three metals are generally distributed in three separate 
groups, notwithstanding that many of their analogies are ex- 
tremely wellknown. In this group, as in the preceding, we have 
the remarkable sequence of the atomic weights :— 


Mg = 12:16 100:36 


In ha 82:5 cma hie dias mean. 
Cd = 55:7 
Sum 100°36 Mean difference =20? 


The three atomic volumes, as determined by Kopp, present a 
similar sequence :— 


Ade Site: 179 
Cd = 81 ace =59°6 mean. 
Sum 179 


The number for magnesium is the saline volume. Those for 
zinc and cadmium represent both the primitive and the saline 
volumes. All three metals are soft, white, readily fusible, mal- 
leable, and crystallize in octahedra. Magnesium is the least 
volatile; zine, from its volatility, is prepared by distillation ; 
while cadmium is one of the most volatile of all the metals. 
Unlike the metals of the two preceding groups, the metals mag- 
nesium, zine, and cadmium are all permanent in dry air, and 
acquire only a film of oxide in moist air. All three are combus- 
tible at a high temperature. All the metals of this group are 
remarkable for the facility with which they precipitate other 
metals, iron, copper, and tin for example. Magnesium decom- 
poses boiling water, though very slowly; zine requires a slight 
acidulation, cadmium a stronger acidulation. Each metal forms 
only one class of salts. The salts are for the most part colour- 
less, like those of the two former groups. The three oxides are 
insoluble in water. The three hydrates, MgHO, ZnHO, and 
CdHO, are insoluble in water but soluble in ammonia. The 
three sulphides are insoluble in water. Sulphide of magnesium 
is soluble in acetic acid,—of zine in very dilute chlorhydric acid, 
—of cadmium in stronger chlorhydric acid. Sulphide and sul- 
phydrate of zine correspond with magnesian sulphide and sulphy- 
drate in having a white colour. The sulphides of zinc and mag- 
nesium are the only two insoluble sulphides that are white. The 


——— 
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corresponding salts are for the most part isomorphous, and pre- 
sent great analogy of properties. The magnesian salts are most 
neutral, then those of zinc, then those of cadmium. The three 
chlorides are deliquescent. The hydrated chlorides are decom- 
posed by heat, hydrochloric acid being liberated,—most readily in 
the case of magnesium, less so in that of zinc, least of all in that 
of cadmium. The three sulphates are soluble in water, and are 
decomposed by heat,—that of cadmium most readily, then that 
of zinc, and that of magnesium only at a white heat. The sul- 

hates of magnesium and zine are isomorphous, Mg? SO*.7H?O 
with Zn? SO*.7H20. The sulphate of cadmium crystallizes with 
four and eight atoms of water. The double sulphates of magne- 
sium, zinc, and cadmium, with potassium, or sodium, or ammo- 
nium, are isomorphous,—MgKSO*.6H?0, ZnKS? O*. 6H?0, 
and CdKSO*.6H?Q. The crystalline ammonio-phosphate of zine 
corresponds in composition with theammonio-phosphateof magne- 
sium dried at 100°C.; Zn?N H*PO*. H?0 with Mg? NH*PO*. H70. 
All three carbonates, borates, and phosphates are insoluble in 
water but soluble in chlorhydric acid. The respective nitrates 
and chlorates of magnesium and zine correspond,— 


MeCl0%. 3H?0 with ZnClO*. 3H°0, 
and 
MgNO3. 3H?0 with ZnNO®.3H?0. 


Nitrate of cadmium crystallizes with two atoms of water. 

Zine hydrate differs from the magnesian and cadmic hydrates 
in being soluble in potash. Moreover, cadmic oxide and sul- 
phide differ from the magnesian and zincie oxides and sulphides 
in colour. 

The members of this seventh group, more particularly mag- 
nesium, present some general relations to those of the sixth, but 
not in any way sufficient to warrant the usual disposal of mag- 
nesium in the caleic rather than in the zincic family. Magne- 
sium differs from calcium and agrees with zinc in the character 
of its metal, of its hydrate, of its sulphide, of its sulphate, and 
of its hydrated chloride. Magnesite is isomorphous with bitter- 
spar, cale-spar, and calamine. Moreover, the constitution of 
bitter-spar, Ca Mz CO%, tends rather against, than in favour of 
the association of calcium and magnesium, as in mineral che- 
mistry we rarely have legitimate double salts of two metals belong- 
ing to the same natural family. In the solubility of their sul- 
phates, the members of this group correspond rather with those 
of the fifth than of the sixth group. 

These three groups present a very curious relation in their 
atomic weights :— 
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= 65 68°5 
“Rig — 23-0 aon = 22°8 mean. 
= 39:0 
eae 68°5 Mean difference = 16. 
Mg = 12:16 100°36 
2nd. Zn ae 32: 50 3 =33 45 mean. 
= 55:75 
ciel 100:36 Mean difference =20. 
rCa = 20 132°3 
Brd.4 Sr = 43:8 rae 
Ba = 68:5 
Sum 132:°3 Mean difference =24.. 


We perceive that the three sums, the three means, and the 
three differences are all in proportional sequence :— 


Sums. Means. Differences. 
68:5 22:8 16 
100°36 ° 33°45 20 
132°3 441 24. 
3[301:16  3|10035 3/60 
100°38 33°45 20 


Moreover, it is observable that while the atomic weight of cal- 
cium is the atomic weight of the first member of the third group, 
the atomic weight of strontium is the sum of the atomic weights 
of the first two members of the second group, and the atomic 
weight of barium is the sum of the atomic weights of all three 
members of the first group. 

Many other relations at once strike the eye. Thus the atomic 
weight of lithium is one-half that of magnesium, and one-third 
that of calcium. Sodium + zinc = cadmium ; calcium + mag- 
nesium = zinc, &c. The sum of the means = the mean of the 
sums, and many other necessary consequences. 


Grovr VIII. Glucinum, Yttrium, Thorium. 


Our acquaintance with these elements is insufficient to war- 
rant our laying much stress upon the existence of the group. 
At the same time the three metals seem to present many ana- 
logies. Yttrium is probably associated with erbium and terbium 
by the relation of equality. The sequence of atomic weights is 
very exact :— 


Y = aa O38 — 324 mean. 
Th — 59°6 


Sum 96:3 Mean difference = 28. 


eal 
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We have no determination of the specific gravities or atomic 
volumes of the metals, but the specific gravities of the oxides 
occur in gradation,—G?0 =2:96, Y?O=4°82, and Th*?O=9°4. 
The three elements are found allied in nature as constituents of 
different varieties of gadolinite. The metals themselves have an 
iron-grey colour, exhibit after burnishing a metallic lustre, are 
infusible or difficultly fusible, are not oxidized by air or water at 
ordinary temperatures, are combustible at a red heat, and burn 
in oxygen with great brilliancy. The three oxides are infusible, 
and are scarcely soluble in acids after ignition. The three hy- 
drates are insoluble in water, absorb carbonic acid from the air, 
and decompose solutions of ammoniacal salts when boiled there- 
with. The salts have for the most part an acid reaction, and are 
decomposed at a red heat provided the acid be volatile. The 
three chlorides are volatile and deliquescent. The hydrated 
chlorides are decomposed by ignition, with evolution of chlor- 
hydric acid. . Each metal forms with potassium a double sul- 
phate, in which the potassium and other metal occur in the pro- 
portion of equivalent to equivalent. 


Group 1X. Aluminium—Zirconium, Cerium, Uranium. 


No reliance whatever can be placed upon the existence of this 
group. The atomic weights occur in sequence :— 


Zr = 33-6 1896 _ sen 

Ce — 46 mC Vin o mean. 

(eae 8 

Sum 139°6 Mean difference = 14, or half 


that of Group VIII. 


These three elements are found associated in nature in similar 
minerals. Eudyalite contains both cerium and zirconium. In 
eukolite from Norway we have a partial isomorphous replace- 
ment of cerium for zirconium (Damour). Uranium and 
cerium occur respectively together with yttrium in yttro-tan- 
talite and yttro-cerite. All three metals are found associated 
with tantalic acid. Zirconium and cerium are each found in 
combination with titanic acid. All three metals form sesqui- 
oxides. Cerium and uranium also give rise to proto- and in- 
termediate oxides. The sulphates of zirconium and cerium are 
both precipitated by sulphate of potash. Zirconium probably 
presents a relation of parity with norium and ilmenium, cerium 
with lanthanium and didymium. Aluminium seems to be asso- 
ciated more with this group than with any other. The charac- 
ters of metallic zirconium correspond exactly with those accorded 
to aluminium prior to the researches of Deville. Uranium, like 
~ aluminium, is a white malleable metal, not readily oxidizable 


486 Prof. Odling on the Natural Groupings 


even in moist air. The hydrates, and the ignited oxides of alu- 
minium and zirconium, correspond closely in their properties, 

The isomorphism of alumina with the sesquioxides of the ferric 
family is a point of considerable importance. At the same time, 
in the characters of its regulus, and in its generation of but a 
single series of uncoloured salts, aluminium presents a striking 
dissimilarity to the members of the ferric group. It is observable 
that the atomic weight of aluminium is sensibly one-half, and 
the atomic weight of uranium sensibly double that of iron, 
Moreover, the protosalts of uranium are of a green colour, like 
those of iron. The atomic weight of aluminium, or 13:7, is iden- 
tical with the mean difference of the atomic weights of the other 
members of this group. 


Group X. Chromium, Manganese, Iron, Cobalt, Nickel, Copper. 


That manganese and iron are associated by the strongest ana- 
logies is generally admitted, and the parallelism of nickel and 
cobalt is indisputable. Chromium serves to connect the ferric 
with the molybdic family, but appears to be more ferric than 
molybdic. 1 wish to show, in addition, that iron, nickel, and 
copper form an extremely natural series. How the six metals 
should be arranged with regard to one another, whether as a con- 


verging series,— 


Chromium, Iron, Manganese, 
Nickel, Cobalt, 
Copper ; 
or as two parallel series,— 
Pa Chromium 
Tron Manganese 
Nickel Cobalt 
Copper a 


&e., I do not pretend to determine ; I wish simply to show that 
copper is undeniably a member of the ferric family,—that the 
gradation, iron, nickel, and copper is as characteristic as that of 


any admitted triad. ' 
The atomic weights occur in sequence, that of nickel being 


the mean of the three :— 
Fe 28 89:25 


Ni a 99-5 a = 29°75 mean. 
Cu = 31°75 
Sum 89°25 Mean difference =2? 


The three metals have sensibly the same atomic heat, or 3:1, 
3-2, 3:0 respectively. They have the same primitive and saline 
atomic volume, namely 44, which number likewise expresses the 
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atomic volume of manganese and cobalt, and of no other metal 
whatever. The calculated specific gravities form the sequence, 
Fe=7-95, Ni=8-39, Cu=9-0, that of nickel being exactly inter- 
mediate,—Ni = —EEEe 8:44. The experi- 
mental specific gravities correspond very closely with the caleu- 
lated numbers, Fe=7-84, Ni=8-6, Cu=8'96. Iron is strongly 
magnetic, nickel feebly magnetic, copper diamagnetic. Iron is 
the most infusible, then nickel, then copper. Metallic nickel, 
when viewed in some lights, manifests a reddish tinge, inter- 
mediate between the blue of iron and the red of copper. Iron 
and copper are both known to be weldable metals. The three 
metals are soluble in hydrochloric acid with evolution of hydro- 
gen,—iron most readily, then nickel, then copper*. All three 
metals precipitate the highly basylous metals tin and cadmium 
from their solutions. All three metals form protosalts of a 
marked green colour. The hydrates are all insoluble in potash, 
but soluble in solutions of sal-ammoniac and ammonia,—iron to 
a slight extent only, then nickel, copper most of all. All three 
metals form definite disulphides, Fe? S, Nit 8, Cut S. Copper 
alone forms a dinoxide, Cu*O, and disalts. The hydrosulphates 
are all soluble in chlorhydric acid with evolution of sulphydric 
acid. The precipitation of hydrosulphate of iron is prevented 
by aslight acidulation, of nickel by a stronger acidulation, while 
for copper the liquid must be very powerfully acid. The sul- 
phates of iron and nickel crystallize with seven atoms of water 
and are isomorphous. Sulphate of copper usually crystallizes 
with five atoms of water, and is then isomorphous with the cor- 
responding sulphate of manganese. The sulphates of iron and 
copper crystallize together in all proportions. When the iron 
predominates, the mixed salt crystallizes with seven atoms of 
water, and has the form of sulphate of iron; when the copper 
predominates, the mixed salt crystallizes with five atoms of 
water, and has the form of sulphate of copper. The double 
sulphates of the three metals with potassium, crystallize with 
six atoms of water and are isomorphous. The dinoxide and the 
disalts of copper are imperfectly represented by the disulphides 
of nickel and iron. Iron forms a sesquioxide and sesquisalts ; 
nickel a sesquioxide but no definite sesquisalts ; copper no definite 
sesquioxide or sesquisalt, though, indeed, the probable existence 
of a sesquioxide has been pointed out by Crumy. Iron and 
nickel also form bisulphides, and an ill-defined bisulphide of 
copper has been alluded to by Berzelius. Iron gives origin to 
* Odling, Quarterly Journal of Chemical Society, ix. 291. 

“ + Ihave endeavoured unsuccessfully, by variously contrived experiments, 
to prepare disalts of nickel and sesquisalts of copper.—W. O. 
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an acid teroxide, or ferric acid. Copper appears to form a 
similar compound when its hydrate, diffused in an alkali, is 
treated with chlorine. Many of the above-mentioned ill-defined 
compounds serve to shadow forth the range of analogies. It is 
evident, however, that iron, which is at one extremity of the 
series, has a tendency to form hyperoxides,—copper, which is at 
the other extremity, to form hypo-oxides,—while nickel is inter- 
mediate both in position and tendencies. The parallelisms of 
nickel with cobalt, and of iron with manganese, are most com- 
plete. It is observable that the colour of manganous and co- 
baltous solutions is complementary to that of ferrous and 
nickelous solutions. Cobalt has a greater tendency than nickel 
to form hyperoxides. In this respect iron and manganese are 
much on a par. The superior tendency of manganese is shown 
in the ready oxidizability of its metal, and in its formation of 
permanganic acid; but, on the other hand, ferrous salts oxidize 
much more rapidly than manganous. Manganese i is doubtfully 
magnetic. The binoxide of manganese is “represented by the 
bisulphide of iron. 

Chromium is associated with this group by marked analogies. 
The atomic weight is sequential with those of manganese and 
cobalt :— 


Cr = 26:3 85°4: ! 

Mn = 276 . pre Ad inn: 
Co 17/295 

Sum 85:4 


The atomic volume assigned to chromium by Kopp is 69, a 
number obviously too high. The equivalent of chromium being 
328°75 on the oxygen scale, we should have for the calculated 
specific gravity of the metal— 


See Tas Wy 

oer eis 4°76. Kopp. 
S2875" 19 -% A 
agg TEES 4-98. Miller. 
HP (ae 

ie atin hog 


Now, according to Richter, the specific gravity of chromium 
is 5°9, which is exactly intermediate between the results given 
by Dr. Miller’s number 66, and the iron number 44. However, 
Richter’s determination of the specific gravity of chromium was 
made with a specimen of metal that contained carbon, and is 
therefore, in all probability, somewhat lower than the actual 
specific gravity of the pure metal. In the sesquioxides of iron 
and cobalt, as in nearly all protoxides, we find the atomic volume 


— 


of the Elements. 489 


of the oxygen to be 82. From the isomorphism of the sesqui- 
oxide of chrome with the above sesquioxides, we should expect 
to find that the atomic volume of its combined oxygen would be 
also 32. Thus with sesquioxide of iron we have 


1000 
32x 3+44x 2 
and consequently with sesquioxide of chromium should have 
956°5 6 
= Ones 
32 x3+44x 2 
Kopp, however, adopting the number 69 for chromium, is forced 
to accord an atomic volume to the oxygen of chromic oxide, 
different from that of the oxygen of the analogous ferric and 
cobaltic oxides. Thus— 
956°5 
16x3+69x2 
The experimental specific gravity of chromic oxide is 5:21 
(Wohler). Kopp appears to have assigned the number 69 to 
chromium on account of its analogies with molybdenum and 
tungsten, elements which likewise have the number 69 (or 
66, Miller) as the expression of their atomic volumes. But in 
the most similar of all the compounds, namely in the tungstates 
and chromates, we certainly do not find the same atomic volume. 
For instance, Kopp is obliged to assign the number 340 to the 
chromate of lead, and 358 to the tungstate of that metal. 
Chromous salts correspond generally to ferrous salts, parti- 
cularly in their absorption of nitric oxide, with development of 
a dark brown colour. They are of a red or bluish colour like 
cobaltous salts. Chromous hydrate, like ferrous hydrate, is of 
a pale colour when pure, and soluble in ammonia, but it rapidly 
peroxidizes. The double sulphate of chromium with potassium is 
isomorphous with the corresponding ferrous compound, CrKSO4, 
6H?O with FeKSO*, 6H?O. Chrome iron is isomorphous with 
magnetic oxide of iron, FeCr?O? with Fe®O*. The sesquioxide 
of chromium is isomorphous with sesquioxide of iron, and chrome 
alum with iron alum, &c. Chromic acid corresponds to man- 
ganic and ferric acids, than which it is much more permanent. 
Perchromic acid corresponds to permanganic acid, than which it 
is much less permanent. Chromium, chromic oxide, and chromic 
salts occur in allotropic modifications. One form of chromium 
resists oxidation and solution in acids, but altogether chromium 
has a greater tendency to the formation of highly oxidized com- 
pounds than has either manganese or iron. Metallic chromium 
is not magnetic. Iron, manganese, and chrome compounds 
present no marked discrepancies. 


Phil, Mag. 8, 4, No, 89, Suppl, Vol. 18. 21 
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The members of this group are related,— - 

1. To the chloric group by the isomorphism of the perchlorates 
and permanganates. 

2. To the sulphuric group by the isomorphism of the sulphates 
with the manganates and chromates. 

3. To the silicic group by the isomorphism of hematite and 
ilmenite. 

4, To the caleic group by the isomorphism of the two sul- 
phates, Ca*SO*.2H?O, and Fe?SO*. 2H?O of Arragonite with 
junckerite, &c. 

5. To the zincic group by avery general isomorphism, and by 
the solubility of the prothydrates in ammonia. 

6. To the molybdic group by the isomorphism of the molyb- 
dates and chromates. 

7. To the plumbie group by the analogy of the disalts of 
copper to the disalts of mercury. 

8. To the aluminic group by the isomorphism of alumina and 
ferric oxide. 


Group XI.—Molybdenum, Vanadium, Tungsten—Tantalum. 


The members of this group are scarcely sufficiently well known 
to warrant the propriety of their association being affirmed in an 
absolute manner. Still with avery imperfect knowledge we are 
able to point out many analogies, but scarcely any discrepancy 
of importance. The sequence of atomic weights is very well 
marked :— 


Mo 46:0 206°5 


v= 685 Te Wee ada 
Sum 206:5 Mean difference = 24? 


The atomic weight of tantalum, or 184, is exactiy double that of 
tungsten. The four metals have, according to circumstances, a 
white or grey colour ; they are lustrous, brittle,and fuse with great 
difficulty, if at all. The specific gravity of molybdenum is be- 
tween 7 and 8, that of tuingsten about 17:5. The specific gravities 
of vanadium and tantalum are undetermined. Molybdenum 
and tungsten have the same atomic volume, namely 69. Molyb- 
denum forms an unstable protoxide and protosalts, vanadium a 
protoxide but no protosalts ; tungsten and tantalum, as far as is 
known, neither protoxides nor protosalts. All the metals of 
this group form binoxides, and with the exception of tantalum, 
bisulphides and bichlorides, &e. All four binoxides are of a 
black or brown colour. Molybdenum and vanadium yield hy- 
drated binoxides which are salifiable ; that of molybdenum is 
even slightly soluble in water. The binoxide of vanadium unites 
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with alkalies, forming vanadites. All four metals form teroxides, 
which are undecomposable by heat alone. The teroxide of mo- 
lybdenum is white or yellowish white, but when fused is of a 
brownish yellow; that of vanadium is yellowish red; that of 
tungsten, canary yellow, but occasionally white; that of tan- 
talum white when cold, yellow when hot. The teroxide of 
molybdenum is volatile, fusible, and slightly soluble in water, 
forming an acid solution; that of vanadium is fixed, fusible, 
and soluble in water, though to a still less extent. The ter- 
oxides of tungsten and tantalum are fixed, infusible, and after 
ignition, insoluble. The hydrated teroxides of tungsten and 
tantalum, when moistened with water, exert a faintly acid reaction 
upon litmus paper, and are therefore somewhat soluble. Cor- 
responding molybdates, vanadiates and tungstates are isomor- 
phous ; tantalic is isomorphous with tungstic acid, tantalite with 
wolfram. Molybdic and tungstic acids have the same atomic vo- 
lume, namely 261. The molybdates are colourless or yellow; the 
vanadiates more fréquently yellow than colourless; the tung- 
states and tantalates colourless. The four acids are evidently 
bibasic, and the salts with two atoms of fixed base are permanent 
at a red heat. Intermediate between the binoxide and teroxide 
of each of the first three metals, are several other oxides, remark- 
able for the variety of their colours,—indeed the teroxides and 
their salts are the least coloured compounds to which the mem- 
bers of this group give origin. Each metal forms a tersulphide, 
having the properties of a sulphur acid, and forming definite 
sulphur salts, as does also the bisulphide of vanadium. The 
terchlorides of the four metals are volatile, and present great 
analogy both of composition and properties. Tantalum probably 
presents a relation of parity with niobium and pelopium. This 
group is associated with the ferric group by the isomorphism of 
the chromates with the molybdates. Chromium, however, differs 
from the members of this group in its most characteristic pro- 
perty of forming sesquisalts, in its not forming bisalts, and in 
the characters of its acid, more particularly as regards its solu- 
bility in water and its destructibility by heat. 

The acids of this group present some analogy of properties 
with the silicic, titanic, and stannic acids. Tantalates are gene- 
rally found native in association with titanates. 

Moreover, tellurium and antimony, as representatives of the 
second and third groups, are associated with this group by some 
general resemblances. Certain sulphates are isomorphous with 
corresponding molybdates. 
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Grove XI1.— Mercury, Lead, Silver. 


I believe myself warranted in associating these three metals 
into one family. Their points of resemblance are as decided as 
those presented in other groups, though the circumstance of 
the differences not being always gradational, throws some little 
doubt upon the subject. The sequence of the atomic weights is 
very marked :— 


He = 100 BLSEN Sahin 

Ph = 103-6 ey VHA ote 

Ae = 108 

Sum  311°6 Mean difference = 4. 


The atomic volumes, as determined by Kopp, exhibit a similar 
though not so exact a sequence. 


He = 98 Ey eS 
foe a. go TN 
Ag = 180 

Sum 337 


Their specific grayities are associated in a corresponding 
manner. 


Hg = 136 85°35 11 ae 
Pb = 11:35 gr ok 
Ag = 10°4 


Sum 35:35 


The specific heat of silver is double that of mercury and lead. 
The three metals are readily fusible,—mercury at — 40° C., lead 
at 320° C., silver at 1000° C. All three metals are capable of 
volatilization, —mercury most readily, then lead, then silver. All 
three metals crystallize in octahedra, are soft and malleable. 
Solid mercury, like lead, is capable of being cut with a knife. 
All three metals form protoxides and protosalts. The oxide of 
mercury has a brick-red or orange-yellow colour, the oxide of lead 
is pale yellow or dull red, the oxide of silver is brown. All three 
become much darker by heating. The oxygen in each oxide has 
the same atomic volume, although Kopp assigns a volume to the 
oxygen of oxide of silver, different from the oxygen-volume of 
the other two oxides. Thus with mereuwry— 


Calculated. Experimental. 


a) 52, Sp. gr. Sp. er. 
is wr 0:8 11:0 Boullay, 11:2 Karsten ; 
with lead,— 
1394 
714432 = 9°5 95 Boullay, 92 Karsten; 
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and consequently with silver,— 


10 83 = $9 8°26 Karsten. 
Kopp, however, calculates with silver,— 
Bett = 74 7:26 Boullay. ; 


All three oxides yield a regulus with great facility. We should 
anticipate that the oxides and salts of silver would decompose 
most readily, then those of lead, then those of mercury. Taking 
all the reactions into consideration, however, it appears that 
mercurial oxide and salts are more easily decomposed than 
plumbic, though several reactions point to an opposite conclusion. 
Thus, hydrogen gas decomposes oxide of lead at a temperature 
but a little above 100° C. (Winkelblech). Potassium and sodium 
at temperatures below their melting-points decompose oxide of 
lead (Gmelin). Potassium and sodium heated to their melting- 
points decompose mercuric oxide (Gay-Lussac and Thenard, &e.). 

Oxide of silver is decomposed at a red heat, but is formed at a 
more intense heat. Oxide of mercury volatilizes at a red heat 
and is decomposed; it is produced at a lower temperature. 
Oxide of lead is certainly volatile at an intense heat, and is pro- 
bably decomposed ; it is produced ata redheat. All three metals 
form hydrates which are perceptibly soluble in water, and mani- 
fest alkalinity to test-paper. Mercury forms a dioxide and 
corresponding disalts. Lead forms a most indubitable dinoxide 
and disulphide. Silver also appears to form a dinoxide (Faraday) 
and corresponding disalts (Wohler). The formation of dichlo- 
ride of silver at any rate cannot be questioned. Mercury does 
not form any higher oxide than the protoxide. Lead forms a 
binoxide and intermediate oxides. Silver moreover forms a per- 
oxide which is apparently a binoxide, and has been examined by 
many chemists. The protosulphides of the three metals have a 
general analogy of properties. That of mercury is red at ordi- 
nary temperatures, black at 300° C., and by a stronger heat 
sublimes. The sulphide of lead is black and volatilizable; that 
of silver black and fixed. All three are with difficulty attacked 
by acids. The three protochlorides exhibit a marked similarity 
and gradation of properties. In all three the atomic volume of 
the chlorine is the same, despite the opinion of Kopp to the con- 
trary: thus with silver we have— 

Calculated. Experimental. 


; Sp. gr. Sp. gr. 
1793°75 — 5B) 5°55 Boullay, 5°50 and 55-7 
130+ 196 Kar ; 
with lead,— hee 
1787-75 = 5°54 5°68 and 5°8 Karsten ; 
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and consequently with mercury,— 


1693°75 ; 

93.196 — 5°62 5:43 Boullay, 5:4 Karsten ; 
but according to Kopp, 

1693°75 

934.245 — 5:01 5°14 Gmelin. 


It is observable that Kopp makes the oxide of silver to differ 
from the oxides of lead and mercury, and the chloride of mer- 
eury to differ from the chlorides of lead and silver. It is ques- 
tionable how far, in a subject confessedly but approximative, 
Kopp was justified in assigning different atomic volumes to the 
same element when forming perfectly analogous compounds. 

Chloride of mercury is a somewhat insoluble salt, chloride of 
lead still more insoluble, chloride of silver one of the most inso- 
luble salts with which we are acquainted. All three chlorides, 
however, are much more soluble in solutions of alkaline chlorides, 
owing to the formation of crystallizable double salts. The mer- 
curial double salts are well known. Wetzlar and Becquerel have 
described a very definite chloride of silver and sodium. The sul- 
phates, iodides,-and most other protosalts of the three metals 
show a marked resemblance in their characters. The metals of 
this group are remarkable for the facility with which they replace 
the hydrogen of neutral and faintly acid organic compounds. 
The only marked discrepancy, in addition to the difference in 
the atomic heats, consists in the varied behaviour of the oxides 
and hydrates with solutions of caustic alkali; lead being soluble 
in potash, silver in ammonia, and mercury in neither solvent. 

This group is associated— 

1. With the sodic group, by the analogy of sulphate of soda 
to sulphate of silver, and by the circumstance of silver having 
the same atomic heat as sodium and potassium. 

2. With the calcic group, by the very general isomorphism of 
plumbic with calcic and barytic salts. 

3. With the ferric group, by the general analogy of cuprous 
and mercurous salts. 

Moreover, we have several illustrations of a multiple isomor- 
phism of the plumbic with the above three groups. 


Pb*sS and Ag?®S with CutS 
~ (Sulphide of lead.) Sulphide of silver. Subsulphide of copper. 
*Na NO* with Ca? CO8 and Ag? Sb S? 
Nitrate of soda. Cale-spar. : Red silver. 


* This last series of empirical formulz illustrates curiously thid’ purty of 
relations subsisting between those monobasic, bibasic, and terbasic salts 
which have the same number of oxygen atoms. That this isomorphism is 
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The not unfrequent isomorphism of unequal numbers of 
atoms of different elements has been before alluded to*. 


Grover XIII. 
Palladium, Platinum,—Gold. 

The propriety of associating gold with the platinum group is 
very questionable. Palladium appears to present a relation of 
parity with rhodium and ruthenium,—platinam with iridium 
and possibly with osmium, though indeed many osmic reactions 
are altogether special. The double chlorides of platinum, iri- 
dium, and osmium are isomorphous. 

The atomic weight of palladium, or 53:2, is rather more than 
half that of platinum, or 98°6 ; or the two metals may be looked 
upon as members of an uncompleted triad, the increment of 
atomic weight being 45:4, 

Palladium and platinum are both white, hard, ductile, tena- 
cious, scarcely fusible, and very unoxidizable metals. They both 
crystallize m octahedra. The two protoxides are of a black 
colour ; the two binoxides are brownish, substances which dis- 
solve in alkaline solutions forming ill-defined salts. 

The sulphides and chlorides are analogous. Each of the bi- 
chlorides becomes converted into a protochloride at a tempera- 
ture considerably below the boiling-point of mercury. Hach 
metal gives rise to numerous analogous double chlorides, with 
the chlorides of ammonium and the basylous metals, &c. The 
platinum bases are very numerous, but several corresponding 
palladium bases have been also obtained. Platinum and palla- 
dium have the same atomic volume, 57, and sensibly the same 
atomic heat, namely 3:15 and 3:19. 

Gold differs from the other two members of this group in 
its colour, softness and fusibility. The protoxide and protochlo- 
ride of gold correspond with the proto-compounds of palladium 
and platinum; the bisulphide of gold with the bisulphide of 
platinum ; and the teroxide and terchloride of gold with the 


manifested by quadroxides as well as by teroxides, is shown in the following 
examples :— 
3 ity: s 
romp (UNS. «BANG. Mt tt 
Pets Sh! Aot SoS! Hed ailver. 
I h MCIO* . KCIO4 Perchlorate of potash. 
somorpaeus ’ M?SO4 . Ba?SO* Sulphate of baryta. 
quadroxides. M3 POS 
Again, in the hydrated salts,— 
fe MClOt; 770.) > ” 
M2 S0* ..7H7O. : Fe? SO* . 7H*O sulphate of iron. 
M’ AsO’. 7H?O =. HNa?AsO*.7H?O Arseniate of soda. 
These last two salts both crystallize in the oblique prismatic system, in 
closely approximating, if not in identical forms. 
* Laurent’s ‘Chemical Method,’ Cavendish Society’s translation, p. 140. 
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teroxide and terchloride of iridium? The atomic weight, the 
atomic heat, and the atomic volume of gold are nearly the 
doubles of those of platinum. 


Gold. Platinum. 
1966 986 x2=197:2 
6°37 319x2= 6:38 
128:0 5770 x2=114:0 


The atomic volume and atomic heat of silver are the same as 
those of gold. These two last groups comprise all the metals 
whose oxides are reduced to the metallic state by heat alone. 

It is observable that we have altogether thirteen triads of 
similar elements, the ferric triad, and probably several others, 
being double from the existence of twin elements, and the 
platinic triad being incomplete. 

In each triad, the intermediate term is possessed of interme- 
diate properties, and has an exactly intermediate atomic weight. 
The mean differences or increments of atomic weight in the 
different groups, are approximatively as follow :— 

Groups. Mean differences. 
Ferric ee - 

Phar i eh Ie a eae ee 
pista! Ceara ahegthew Sh Vik tise mabe lc 
ince ISA ro ered rey eee 
Bodie ROR es Sen Ge ee 
FOL Ee ai te Me haaca c pt = 


It es Oar HL Sasi 
Cal cic ne Air y? RUA Ate eal 
PMC ETIC A inte Oe. OOS 


PRonpuore fe. Mets cy oy ee 
Chilbrie eel Ae eo Bek, eae 
Planted. 4s. se NO AO ee 
cr prem neO S LS eS 

Moreover, with each of several of the triads is associated an 
analogous element having an atomic weight approximatively one- 
half that of the first member, or double that of the last member 
of the triad. The former relation obtains in the chloric, sulphuric, 
phosphoric, and possibly in the ferric groups—the latter in the 
phosphoric, the silicic, the molybdic, the platinic, and possibly 
in the ferric groups. 

The phosphoric triad is the only one that does not present 
any relation in the atomic volumes of its members, a result pos- 
sibly due to the allotropism of phosphorus. In the chloric, 
sulphuric, ferric, and platinic groups, we have the relation of 
equality ; in the sodic, calcic, zincic, and plumbic groups, the 
relation of sequence. 

With the atomic weights that I have employed, we find the 
atomic heats of the elements to be as follow :-- 
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Mean 6°42. | Mean 3°11. 
Bromine. . . 6°74 Carbous oseudsiley 92102 
adit ads. ics. deni: Sz ball ale Dilan canes es Le 
‘Sulphur. . . 6:48 Cadmium. . . 3:16 

{ Selenium. . . 6°62 | Aluminium . . 2°93 
Tellurium. . . 6:06 | Trot, vedi sin mg ees LS 
Phosphorus . . 5°84 | Nickel, x) 01, ».guenee 
Assemicns+\in ct) Selo ThO: «pl Gohalt.atysin-ch ave me 
Antimony. . . 6°09 Coppers. «ices cite 
Bismuth . . . 6°56 Mercury . . . 319 
Mito iid “rete 20°50 Loader. odd 408s. pees 
Sodium ... 6°74 Palladium. . . 3°15 
Potassium. . . 671 Platnum. . . 319 
Seleetirs P:cha sy O25 
Gold) -dabin bo 6°37 


It is observable that the atom of an element having the num- 
ber 6 for its atomic heat, is frequently isomorphous with two 
atoms of an element having the number 3, several instances of 


which have been specially alluded to. 


LXV. Chemical Notices from Foreign Journals. 
By E. Arginson, Ph.D. 
[Continued from p. 276.] 

Peo a series of experiments, Boussingault* was led to the 

opinion, in opposition to Ville, that the nitrogen of the 
atmosphere was never assimilated by plants in their germination. 
He held that atmospheric air could only furnish traces of am- 
monia, and that the true source of nitrogen in plants was rather 
to be sought for in the manures added to the soil, and in the 
ammonia contained in the water furnished by rain, fog and dew. 
A Commission appointed by the French Academy to report on 
the investigations of Ville arrived at different results. The ex- 
periments were made by Ville, and Chevreul+ reported on the 
result. The experiments were conducted in a manner similar to 
that in which Boussingault’s were made. Cress-seeds were sown 
and allowed to germinate and grow im a soil free from ammonia, 
and placed in an air-tight glass case. The soil was composed of 
calcined sand, to which the ashes of cress-seeds were added, and 
it was kept moist by means of distilled water, the quantity of 
ammonia in which was specially determined. The air in the 
enclosed space was constantly renewed by means of an aspirator. 
The air before it passed into the case had 2 per cent. of carbonic 


* Annales de Chimie et de Physique, vol. xiii. p. 149. 
+ Comptes Rendus, vol. xli. p. 757. 
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acid added to it, and was purified from ammonia by being passed 
through sulphuric acid and through bicarbonate of soda. The 
weight of the cress-seeds was determined, and the quantity of 
nitrogen contained therein ascertained, by comparative experi- 
ments. When the plant was fully developed, it was weighed, and 
the quantity of nitrogen contained in it was estimated. The 
latter was always greater than the quantity of nitrogen which 
could have been derived from the soil and from the quantity of 
ammonia contained in the water used for irrigation. The deter- 


minations of the nitrogen contained in this water were rather . 


uncertain, but the Commission thought itself fully justified in 
concluding, that the free nitrogen of Seapine air was assi- 
milated by plants. 

That plants could assimilate nitrogen from nitrates, was 
shown by the success with which the use of nitrate of soda in 
manure has been attended. Liebig* believed that the nitrogen 
of nitric acid, like the carbon of carbonic, and the sulphur of 
sulphuric acid, could become a constituent of the vegetable 
organism. Salm-Horstmar arrived at the conclusion, that in 
the development of plants the alkaline nitrates could replace 
ammonia. Kuhlmann thought that the nitrates were first re- 
duced to ammonia by the deoxidizing influence of decomposing 
organic substances. George Wilson was of opinion that the 
nitrogen was obtained by the reducing action of the plants on 
the nitrates. 

Boussingault+ made a series of experiments on the action of 
nitrates on vegetation. If the presence of putrescible organic 
matters in the soil were not necessary for the assimilation of the 
nitrogen of a nitrate by a plant, two conclusions might be drawn : 
the first, that the nitrogen of nitric acid need not previously be 
transformed into ammonia outside the plant in order to be fit to 
be assimilated by the organism; secondly, that the nitrates do 
not merely act in virtue of their being potash or soda salts. The 
method adopted consisted in growing a plant in a soil rendered 
barren by calcination, and to which a known quantity of an 
alkaline nitrate was added. When the plant was developed, the 
quantity of nitrogen which it had absorbed was estimated, as 
well as the residual nitrate in the soil. 

In an experiment made with sunflower in a soil free from 
ammonia and organic matter under the conditions indicated, he 
came to the conclusion that the nitrogen of the nitrate is assimi- 
lated by the plant, and that for each equivalent of nitrogen assi- 
milated by the organism, an equivalent of alkali is assimilated ; 
that almost the entire quantity of the still unabsorbed nitre is 


* Jahresbericht, 1855. 
t Annales de Chimie et de Physique, January 1856. 
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contained in the soil; and that the favourable action exerted by 
the nitrate, even from the beginning, is exerted even without the 
presence of decaying organic substances. 

He found that plants developed under the influence of nitrate 
of potash grew more rapidly, reached a greater height, weighed 
more, and exhibited a greater absorption of nitrogen, than such 
as grew without the addition of that salt. Similar conclusions 
were obtained from experiments in which Boussingault grew 
cress with and without the addition of nitrate of soda. 

He is of opinion that nitrates act upon vegetation as energeti- 
cally as, and even more so than ammoniacal salts. He discusses 
the question whether the nitrogen of the air, which has been 
converted by ozonized oxygen into nitric acid, contributes to the 
development of plants. 


More recently Boussingault has published an abstract* of 
some researches on the quantity of nitrates contained in the soil 
and in water. He found in some very highly manured soil from 
a kitchen-garden, an amount of nitre corresponding to 1055 
kilogrammes in a hectare. This immense quantity of nitre is 
not surprising in a richly manured soil, for with the exception 
of its not bemg protected against the rain, such a soil possesses 
all the conditions of a nitre-bed. A portion of the same soil 
examined after twenty days’ continued rain, gave a quantity of 
uitre corresponding to 43 kilogrammes per hectare. The large 
quantity of nitre arises from the amount of manure which is added 
to the soil. A series of analyses of soils from forest land, arable 
land, and chalk and mar! soils, gave quantities of nitre which, 
although often small, were sufficient to show the frequency of 
nitre in the vegetable kingdom, even in places where no other 
manure than rain-water had been added. Soils taken from hot- 
houses and greenhouses gave numbers showing a very large 
amount of nitre. Boussingault examined also the water from 
springs, from rivers and wells. In the wells of large towns he 
found the largest quantities. Some wells in Paris contained 
0°31 grm. in a litre, and he calculates that if this were used in 
making bread, it would give to every kilogramme of bread 1 grm. 
of nitrate of potash. 

He concludes, that, with respect to the fertilizing principles 
conveyed to the earth, the waters which circulate from the sur- 
face or at a small depth act more by the nitre than by the am- 
monia contained in them. In his memoir on the quantity of 
ammonia contained in water, Boussingault showed that river- 
water rarely contained more than 0-2 grm., and spring-water 
0:02 grm. of ammonia in the cubic metre; whereas the results 


* Comptes Rendus, January 26, 1857. 
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obtained up to the present time seem to show that a cubic metre 
of the same water contains from 6 to 7 grms. of nitre, corre- 
sponding to 1‘] grm. of ammonia. 

Although river- and spring-water contain more nitrates than 
ammonia, the contrary is the case with rain-water, snow and dew. 
Boussingault’s experiments on a large number of specimens of 
rain-water collected in the middle of a field in the neighbour- 
hood of extensive forests, yielded much less of nitrates than 
ammonia. 

Pelouze showed that nitre slowly disappears in a solution of 
white of egg, and the acid is changed into ammonia. This ex- 
plains why only traces of nitrates are found in liquid ammonia. 
According to Boussingault, mere traces of nitre are found at the 
top of dung-heaps, and none at all at the bottom. 


M. Georges Ville has published* a continuation of his re- 
searches on the influence of nitrates on vegetation. The first 
part was devoted to a description of a new method of determi- 
ning nitrates}. 

In the second part he details his experiments on seeds and plants 
grown in sand, to which mineral salts and nitre had been added. 
His results confirm in general those of Boussingault. He finds 
that nitre acts by its nitrogen, and that it is absorbed as nitre; 
that the quantity of nitrogen being equal, nitre acts more ener- 
geticaliy than ammoniacal salts. 

Ville sowed seeds in calcined sand to which half a gramme 
of nitre had been added. The seeds germinated and grew, but 
a period arrived at which the development of the plant was 
arrested ; and it was found on stopping the experiment there, 
that the quantity of nitrogen in the produce was exactly equal 
to the nitrogen of the seed and of the nitre added. But if, 
instead of adding half'a gramme of nitre, a gramme was added, the 
results were different: the vegetation continued, and at the expira- 
tion of two and a half months the produce contained much more 
nitrogen than was originally contained in the seeds and the nitre 
used. This difference arises from the fact, that in the latter case 
the free nitrogen of the atmosphere had been assimilated. Plants 
only begin to assimilate this nitrogen at a certain stage of their 
development ; that with the nitrogen from the smaller quan-. 
tity of nitre this stage had not been reached. To obtain vege- 
tation in calcined sand, the plant must have passed the embry- 
onic stage; and it is immaterial whether it finds the means in 
the soil itself or in an external manure. However these experi- 
ments were varied, Ville could never detect the formation of a 


* Annales de Chimie et de Physique, February 1857. 
+ Phil. Mag. June 1856. 
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nitrate, even in cases in which nitrogenized organic matter, such 
as bean-meal or gelatine, was added to the sand. The excess of 
nitrogen could not therefore have arisen from a nitrification ; 
nor could it have proceeded from an absorption of ammonia, for 
if it had been so, why was it not also absorbed when the smaller 
quantity of nitre was employed? Ville considers that nitrogen 
is absorbed by plants in three forms: as free nitrogen, as am- 
monia, and as nitrate; and is of opinion that the assimilation of 
an element may take place by the most contrary reactions. 

In the third part of his research, Ville seeks to establish that 
the nature of the products formed during the decomposition of 
manures, shows that plants absorb the gaseous nitrogen of the 
atmosphere. The method of his experiments was as follows :— 
To a pot filled with calcined sand, a certain quantity of bean- 
meal was added. This pot was placed in a stoneware basin con- 
taining water, and the whole covered with a bell-jar. Every 
day 500 litres of air, carefully freed from any other nitrogenous 
compound than nitrogen, was passed through. The air passing 
from the bell-jar bubbled through a bulb containing weak 
hydrochloric acid. By the action of the external temperature 
water evaporated, and condensed on the interior surface of the 
bell-jar. At intervals this was collected and evaporated to dry- 
ness with oxalic acid; the hydrochloric acid in the bulb was 
also treated in the same way. In these was contained the 
nitrogen which had passed off as ammonia. Ville found, that of 
0°238 grm. nitrogen added to the sand in the form of nitrogenous 
matter, 0°093 grm. remained behind, 0058 grm. passed off as 
ammonia, and 0-087 grm. was lost in an indeterminate manner. 
As no nitrate had been formed, he concluded that it had passed 
off as free nitrogen. 

In another series of experiments, wheat was sown in calcined 
sand to which bean-meal had been added. At the expiration of 
the experiment, the quantity of nitrogen contained in the pro- 
duce was estimated. As it was found to be greater than the 
quantity furnished by the seed and by the ammonia formed in 
the decomposition of the bean-meal, it was concluded that it was 
derived from the direct absorption of gaseous nitrogen. 

His general conclusions are, that every organic substance in 
decomposing loses a portion of its nitrogen as gaseous nitrogen ; 
that the progress of this decomposition is not altered by vegeta- 
tion; that plants grown in a manured soil absorb more nitrogen 
than would be furnished by the ammonia formed by the manure ; 
and that the excess of this has been absorbed in the gaseous 
state. 

His previous researches had led him to affirm that plants 
absorb a certain quantity of nitrogen which is not accounted for 
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by the ammonia of the atmosphere. He now goes further, and 
shows that this is absorbed as gaseous nitrogen. 

These experiments of Ville confirm the results arrived at by 
Reiset* some time before, on the phenomena of putrefaction, 
Reiset’s experiments were made with the apparatus used by 
himself and Regnault in their experiments on the respiration of 
animals. This apparatus consists essentially of a large glass 
bell-jar, in which are placed the substances experimented upon, 
of an arrangement for absorbing carbonic acid, and an arrange- 
ment for supplying oxygen. In proportion as the carbonic acid 
is absorbed, a quantity of oxygen exactly equal to it passes in. 
It will be seen, that if in the decomposition of any nitrogenous 
organic substance oxygen alone is absorbed, and carbonic acid 
alone produced, the air in the bell-jar at the conclusion of the 
experiment will have the composition of normal atmospheric air. 
If, on the contrary, nitrogen has been produced, the relation 
between the nitrogen and oxygen will be different from that of 
common air, and a eudiometric analysis will show how much 
nitrogen has been produced. By means of the apparatus, the 
temperature and pressure can be so regulated, that at the com- 
mencement and termination of the experiment these conditions 
are the same, 

Reiset’s experiments were made with manures of various 
kinds, and with flesh. His results are as follow :—Organie 
substances in decomposing absorb a large quantity of oxygen 
and produce carbonic acid, and the relation between these can 
be accurately determined. The formation of manure and the 
putrefaction of flesh are always accompanied by the production 
of a considerable quantity of free gaseous nitrogen. In a 
medium containing a sufficient proportion of cxygen no marsh- 
gas is formed, but the decomposition of a manure partly plunged 
under water, gives rise to an abundant disengagement of marsh- 
gas and of nitrogen, and the air in the bell-jar in this experi- 
ment contains scarcely any oxygen. In all these experiments 
care was taken to add to the manures a sufficient quantity of 
earthy carbonates to facilitate the formation of nitrates. 

In a second series Reiset intends pursuing the study of putre- 
faction, and of the formation of manure out of contact with the 
air, either under a layer of water, or in a mass of earth. 


Saussure found that organized substances, when moistened 
and exposed to the air, are gradually oxidized and converted into 
water and carbonic acid. Corenwinder+ has taken up this sub- 
ject, and has arranged an apparatus by means of which the quan- 


* Comptes Rendus, January 14, 1856. 
+ Annales de Chimie et de Physique, October 1856, 
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tity of carbonic acid produced could be estimated. This consisted 
of a large bell-jar fitted with a cork, and cemented down to a 
glass plate so that it could be made quite air-tight. The cork 
had two tubes, through one of which air freed from carbonic acid 
by bubbling through potash and carbonic acid, passed ; the other 
tube communicated with two vessels containing baryta-water to 
absorb the carbonic acid produced, and with the aspirator, by 
means of which air was drawn through the apparatus. The ex- 
periments were made by placing the substances under the bell- 
jar, making it air-tight, and then drawing air through at the rate 
of about five gallons in six hours. The experiments generally 
lasted twenty-four hours, and at the expiration of that time the 
carbonate of baryta was collected and weighed. 

In one experiment, a flower-pot containing garden-mould which 
had not been manured for a long time, was placed, and the 
aspirator set in motion. After twenty-four hours the carbonate 
of baryta was collected and weighed. The layer of mould was 
about 18 inches square and 3 inches deep, and the quantity of 
carbonic acid produced was such as to show that a hectare of 
land (about 24 acres) would produce in the course of twenty-four 
hours 500 hectolitres (or about 11,000 gallons) of carbonic acid. 
A similar experiment with a more clayey soil gave 300 hecto- 
litres of carbonic acid for a hectare of land. The same soil turned 
up with a knife, so as to imitate the effect of ploughing, gave a 
quantity of 400 hectolitres for the hectare. 

An experiment was made with soil taken from a field of beet- 
root, which had had farm-yard manure in winter, and colza tops 
in March. The experiment lasted four days, at a temperature 
varying from 20 or 25 to 30 or 35 degrees, but it did not 
appear that the temperature had much influence on the result. 
It was found that the quantity of gas gradually decreased from 
day to day: the mean result corresponded to a quantity of 1570 
hectolitres per hectare, or about 13,800 gallons per acre. 

These results prove that a very large quantity of carbonic acid 
is produced in a field cultivated and well manured, and that the 
mass of this gas is assimilated directly by the leaves of plants, 
for it is not conceivable otherwise how there could be such a 
small proportion in the air. 

Corenwinder also made a series of experiments with manure, 
He found that a layer of fresh cow-dung exposed, under the eon- 
ditions indicated, at a temperature of about 20°, gave a quantity 
of carbonic acid equal to 1240 hectolitres per hectare. Cow- 
dung kept four days, which was in a state of change, and then 
submitted to experiment, gave in twenty-four hours carbonie acid 
at the rate of 2000 hectolitres per hectare, or 17,600 gallons 
per acre. At a temperature of 20°, fresh horse-dung gave results 
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corresponding to 500 hectolitres per hectare. But the same 
substance which had entered into fermentation gave in six hours 
results corresponding to the enormous quantity of 8800 hecto- 
litres per hectare in the twenty-four hours, or 77,440 gallons 
per acre. 

Experiments were made also with various organic substances : 
sugar as well as wood-charcoal moistened gave no carbonic acid, 
and guano only a small quantity ; linseed-meal produced a con- 
siderable quantity of carbonic acid. 

It is generally assumed that the carbonic acid absorbed by 
plants is almost entirely derived from the respiration of animals, 
and a balance between these two kingdoms has been established 
which must be considered too absolute if we take into account 
the enormous quantity of carbonic acid assimilated every year by 
plants. These experiments show, Corenwinder thinks, that it is 
more conformable to nature to ascribe to the carbonic acid pro- 
duced at the surface of the soil the greater part of the alimenta- 
tion of vegetables. 


Boussingault* has examined the water of the Dead Sea. His 
principal object was to ascertain if nitrates were contained in it, 
as these had not been found by Gmelin. Boussingault thinks 
that nitrates have frequently been stated to be present where they 
did not exist, owing to the imperfection of the methods, or the im- 
purity of the materials used in their detection. He had used the 
method with gold, but he found that it was not to be depended 
upon, owing to the impurity of the hydrochloric acid, which fre-. 
quently contains nitrous compounds. By boiling the acid so as 
to drive off about a fourth, they are got rid of. The method used 
by Boussingault, consisted in adding to the water to be tested 
about an equal bulk of pure hydrochloric acid, colouring the 
mixture with a few drops of water rendered blue by tincture of 
indigo, and then boiling. If nitrates be present, the liquid be- 
comes decolorized. This test is so sensitive that Boussingault 
could detect the presence of nitrates even in so small a quantity 
as 0°0000031 grm. in a cubic centimetre of water; and as this 
quantity may be the residue of the concentration of a litre, the 
test may be taken to be infinitely delicate. In examining for 
nitrates in sea-water or saline solutions, it is desirable to add an 
excess of hydrochloric acid. 

The composition of the water Boussingault found to be as fol- 
lows ; the adjoined analysis by Moldenhauer is the most recent, 
with the exception of Boussingault’s ; that by Gmelin was made 
thirty years ago :— 


* Annales de Chimie et de Physique, October 1856, 
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100 parts of water contained— 
Molden- Boussin- 
Gmelin. hauer. gault. 
Chloride of magnesium . 11:7734 68121 10°7288 
Chloride of sodium =. «70777 2°9575 6:4964. 
Chloride of calcium . . 3214] 14719 3°5592 
Chloride of potassium. . 1°6738 2°3910 16110 


Bromide of magnesium. . 0°4393 0°1838 0°3306 
Sulphate of potash. . . 0:0000 0:0627 0:0000 
Sulphate of lime . . . 0:0527 Be 0:04:24 
Chloride of manganese. . 0°2117 vee 0:0000 
Chloride of ammonium. . 0:0075 cud 0:00138 
Chloride of aluminium. . 0:0896 se traces 
Mbtateasie i. alice vi 2} ek Are Scr 
Todides bee Ee gee 
24°5398 13°8790 22-7697 
Water. . . . . . . 75:4602 861210 77-2303 
100-0000 100-0000 100-0000 
Density of the water . . 1°212 1:1160 1:194 


The most remarkable thing about the water of the Dead Sea 
is its proportion of bromide of magnesium, which amounts to 3 
or 4 kilogrammes in the cubic metre. If bromine were ever 
wanted in large quantity for industrial purposes, this would be 
the best source for it. . 

On comparing the densities of the water and the analyses of 
it executed at various times, discrepancies are observed which are 
not altogether to be accounted for on the supposition that they 
arise from differences in the analyses; and Boussingault sup- 
poses that the water varies, not only in the quantity, but in the 
nature and arrangement of the salts it contains. ‘This is easily 
understood when it is known that the level of the water is two 
metres lower in the dry than in the rainy season. Boussingault 
thinks also that the liquid mass of the sea has not a homogeneous 
condition. 


In connexion with this, some experiments made by Lieben* 
may be mentioned, the object of which was to ascertain if solu- 
tions originally homogeneous remain so throughout their whole 
mass, or whether they have a different degree of concentration 
at different heights after they have stood some time. A glass 
tube, 2 metres in length, and 2 or 3 centimetres in diameter, 
was filled with a solution of salt and suspended in a vertical 
position in a cellar for four months, On taking the strength of 
the solution at various heights, it was found to be perfectly the 


* Liebig’s Annalen, January 1857. 
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same throughout, and not to have varied from its original 
strength. A similar experiment made with a solution of sul- 
phurous acid in water, gave results which showed that it remained 
quite homogeneous. 


LXVI. On the Persistent Appearance of the Lightning Flash. 
Saturday, June 20th, 1857. 
ra Peron thunder-storm which passed over London last night, 
gave me an opportunity of repeating an observation on 
lightning which I had before made on four or five occasions. As 
the cause of the effect observed is, as far as I am concerned, only 
guessed at, I publish this notice that it may attract attention so 
that the effect may be verified ; and if verified, perhaps find an 
exact explanation. Between 12 and 1 o’clock the storm was 
over London. Much of the lightning was within the clouds. 
At one moment the part of the heavens at which I was looking, 
directly above me, displayed the lightning flash in irregular lines: 
these formed in one part a large >~ stretching across a space 60° 
or more in extent ; beside which there were other lines of light- 
ning not connected with this, but occurring at the same instant. 
These lines did not disappear imstantaneously, but faded away, 
occupying, I think, a second or more before their extinction. 
As they faded, the form of the lines did not change, but their 
character did; for in place of an equal illumination at all parts, 
they assumed a granular character ; 7. e. parts near to each other 
were of different degrees of brightness, and the lines seemed to 
be dotted in with light. These enduring lines were not the 
mere effect of impressions on the eye; for, taught by former 
observations, I could distinguish them from such a result by 
directing the axis of the eye from the point directly regarded, to 
another part of the luminous map, and to another, and back to 
the first pomt, namely the angle on the > , before the lines 
were quite gone. The form did not move with the eyes, but 
was fixed on the sky, and remained there, during its short exist- 
ence, undisturbed in place. As I have already said, I have on 
different occasions noticed this phenomenon four or five times. 
. What is the cause of this effect? The most probable guess 
seems to me to be, that it is due to a highly exalted phospho- 
rescent condition of the particles of cloud, along or through which, 
the electric discharge has passed; and perhaps an experiment- 
alist might find means of realizing it in some degree. I believe 
that like luminous traces have been observed upon sugar and 
some other bodies when the electric discharge has been made 
over them. 


M. F. 
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LXVII. Analytical Solution of the Problem of Tactions. 
By Artuur Cayuey, Esq.* 


T is well known that the eight circles, each of which touches 
three given circles, are determined as follows :—viz. consi- 
dering any one in particular of the four axes of similitude of the 
given circles, and the perpendicular let fall from the radical 
centre (or centre of the orthotomic circle) of the given circles, 
there are two of the required tangent circles which have their 
centres upon the perpendicular, and pass through the points of 
intersection of the orthotomic circle and the axis of similitude, 
or in other words, the axis of similitude is a common chord or 
radical axis of the orthotomic circle and the two tangent circles. 
This suggests the choice of the radical centre for the origin of 
coordinates ; and the resulting formule then take very simple 
forms, and the theorem is verified without difficulty. 

Take then the centre of the orthotomic circle as the origin of 
coordinates, and let the radius of this circle be put equal to unity ; 
then if («, 8), (a', B'), (a", 8") are the coordinates of the centres 
of the given circles, the equations of these will be 


z?+y?+1—2a «—28 y=0, 
2?+y?+1—2a! e—26' y=0, 
a+y?+ 1—2al'e7—28"y=0; 
and the radii of the circles will be /a?+6?—1, Va2'?+ 87-1, 
V all? 4 B21, It will be convenient to write 
(= + V 2+ 6?—1, 
yf =+ JP ERI, 
y'=+ Var BPaI, 
where the three several signs + are fixed once for all in a deter- 
minate manner. If, however, all the signs are reversed, the 
result is the same, so that the system is one of four (not of eight) 
different systems. The coordinates of a centre of similitude of 
the second and third circles are 


aly! —at!ley! Bley!" — "ny! 


a, 
And forming the corresponding expressions for the coordinates 
of the centres of similitude of the third and first circles, and of 
the first and second circles, the three centres of similitude lie on 
a line which will be an axis of similitude: to find the equation, 
write 


* Communicated by the Author. 
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A=By'—B'y+8'y"—B"'y' + B"y—By'", 
B= qa! ofa + yal! — alla! + ya —yal!, 
C=af!—a'B +a!" — lB! +a" B—af", 
V=af3!y! —c3"y! + a! B"y—al Bry! + a!" By! —al'ly, 
values which, it will be observed, give 
Ae +BB +Cy =V, 
Ae! + BB! + Cy =V, 
Aa!" + BB" 4 Cy"=V. 
Then the equation of the axis of similitude is found to be 
Az+By—V=0. 
if 


Whence also the equation of the perpendicular let fall from the 
radical centre upon the axis of similitude is 


Ba—Ay=0. 
It should therefore be possible to find two circles having their 
centres on the last-mentioned line and touching the three given 
circles. Take AQ, B@ as the coordinates of the centre of one 
of the two circles, and let 7 be its radius; the conditions of tan- 
gency are 
r= V (A@O—a)?+ (BO—B)?+y, 
= V(A0—a')? + (BO—B')? +9, 
= V(KO= a+ (BIB +", 
where the sign + has the same value in each expression. We 
have consequently 
(r+ 7)’= (AO—a)’+ (BO—B); 
or, observing that Ae + B@=V—Cy, and reducing, 
r? —(A?+ B?)6? 4 2VO—1=2y(4+7r4+Cd). 
Forming the two analogous equations, the three equations will 
be satisfied if only 
r?— (A*+ B?)6?+2V@—1=0, 
r+ Cé =0. 
Eliminating 7, we have 
(A? + B?—C*)@?—2V04+1=0, 
which gives for 6 the two values 
(A+ B?—C?)6=V+ V V?—(A?+B?—C); 
and then r is determined linearly by the equation 
r= 5-00, 
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The equation of the tangent circle is therefore 

(e—A@)?+ (y—B0)?=C?? ; 
or reducing, 

a2?+y?—1—20(Ar+By—V)=0; 
and recollecting that Av + By—y=0 is the equation of the axis 
of similitude, the equation shows that the axis of similitude is a 
common chord or radical axis of the orthotomic circle and the 
two tangent circles. 


2 Stone Buildings, W. C. 
May 15, 1857. 


LXVIII. Notes on Mineralogy.i—No. V. On Hypostilbite and 
Stilbite. By the Rev. Samuet Haventon, M.A., Fellow of 
Trinity College, and Professor of Geology in the University of 
Dublin*. 


i the twelfth volume of the Philosophical Magazine, p. 406, 

an analysis is published of a mineral allied to stilbite, by 
Mr. J. W. Mallet, and labelled hypostilbite by the person from 
whom he received it. 

In the same volume, p. 552, this mineral is pronounced to be 
Laumonite by Dr. Heddle, who disposes of the label hypostilbite 
by means of the hypothesis, that “the christening may be ex- 
plained by the ignorance of some unprincipled dealer resorting 
to a rare title in order to get rid of a superabundance of an in- 
significant-looking substance.” 

From the description given by Mr. Mallet and Dr. Heddle of 
the mineral, I have no doubt of its being the same as a mineral 
which has been some time in my possession, from the Isle of 
Skye; and as I find in my note-book the details of an accurate 
analysis made of it some years ago, I believe it is worth while to 
publish this analysis, as I entertain no doubt myself but that 
this mineral is identical with the hypostilbite of Beudant. 


Analysis of Isle of Skye Mineral. 


Per cent. Atoms. Integers, 
Silica . . . © 52°40 1:164 
Alumina. . . 17°98 0°346 10 


BU, asin Wee. ec) ae, 0°356 
Magnesia. . ,. 0°36 0:018 


Battelle, $OOR . Poets 1k 
Bodawsts,» or hooray and poy 
Wadler’, tS 5 °BR 1-981 bv 


99°97 
I place in comparison with the foregoing analysis of the mi- 


* Communicated by the Author. 


Integers. 


10 
10 
57 


Integers. 


31 
10 
12 


35 
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neral from the Isle of Skye, Beudant’s analysis of hypostilbite 
from Faroe. ‘ 
Hypostilbite (sec. Beudant). 
Per cent. Atoms. 
Silica . . 52°43 1165 
Alumina . . 18°32 0:352 
Lime . 8:10 0°289 | «. 
Soda 2-41 0080 ¢° a9 
Water . e16717, 2°019 
99°43 
Mr. Mallet’s analysis is as follows :— 
Per cent. Atoms. 
Silica 53°95 1199 
Alumina 20°13 0°387 
Lime 12°86 0°4.59 
Magnesia i Meg ih trace 
Potash (with alittle soda) 0°87 
Water 12:42 1:380 
100°23 


This analysis agrees with Beudant’s and my own, except as to 
the quantity of water present, and I think it would be very diffi- 
cult to make a satisfactory mineralogical formula from any of the 


analyses. 


Hypostilbite is not well established as a distinct mi- 


neral, and should be considered as an altered form of stilbite. 
I shall conclude this note by adding an analysis of some fine 
crystals of stilbite from the Nerbudda Valley, Hindostan, recently 


sent home by Mr. Jacob, C.E. 


Nerbudda Stilbite. 


Per cent. 

Sihea .. . 56°59 
Alumina . . 15°85 
Lime . 5°88 
Magnesia . 0°82 
Potash . 0°89 
Soda Ad 
Water . . 17°48 
98°46 


Atoms. 


1:230 
0:298 
0:210 
0-041 
0:019 
0-047 
1942 


0°317 


Integers. 
4 
1 


1 


6°4: 


This leads to the well-known formula for stilbite, which may 
be considered as a Hydrated Lime Orthoclase, 


CaO, SiO? + Al? 0%, 3810° + GHO. 


If we are to consider hypostilbite as a distinct mineral, it should 
be regarded as a Hydrated Lime Oligoclase, with the formula 


CaO, Si0* + Al? 0%, 2Si0° + 5HO. 


ne ee cen 
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ROYAL SOCIETY. 
[Continued from p. 461.] 
June 19, 1856.—The Lord Wrottesley, President, in the Chair. 


A he following communication was read :— 
“On the Aurora.”” By Reuben Phillips, Esq. 

In this paper the author enters into various speculations as to 
the formation and motion of auroral arches. Since it has been found 
by experiment that the maximum length of the voltaic are with a 
given battery is nearly the same in atmospheric air and in highly 
rarefied air, forming a very perfect vacuum, the author conceives 
that a streamer begins as a disruptive discharge of finite and very 
moderate length, (the maximum length very nearly of a continuous 
discharge,) which starts upwards from the auroral arch, which he 
regards as the discharging train. If this first portion be not parallel 
to the dipping-needle, it is moved laterally by virtue of the earth’s 
magnetism, and thus wrenched, as it were, from the spot where it 
was formed, and extinguished. If, however, the discharge, or any 
portion of it, be parallel to the dipping-needle, it is not influenced 
by the earth’s magnetism, and remains. To this first length another 
length may be added by a similar process, and so on, these successive 
lengths being all parallel to the direction of the first, since otherwise 
the streamer would be torn asunder by the lateral motion resulting 
from the earth’s magnetism. Thus a straight streamer extends up- 
wards in a direction parallel to the dipping-needle. 

If, from some increase in the power of conduction of the arch, the- 
base of the streamer be not necessarily confined to a single spot, then 
astreamer may be formed which is somewhat inclined to the dipping- 
needle ; but the consecutive elements of such a streamer must be in 
the same direction, otherwise they would have different lateral 
motions, the streamer would be divided, and the discharge would 
cease. The streamer, as a whole, will move from east to west, or 
from west to east, according to circumstances. Those streamers 
which would tend to move north or south cannot exist, because 
their bases would be severed from the auroral arch. 

If the discharge take place in air not so very highly rarefied, so 
that the disruptive discharge is not quite of its maximum length, 
consecutive elements need not be quite in the same direction in order 
that the streamer may be unbroken, and thus curved streamers may 
be formed. It is stated by M. Biot that such have sometimes been 
observed. 

The author then enters into some speculations as to the nature of 
the auroral arch, which he conceives to consist of nebulous matter 
highly charged with electricity, and accounts, according to his views, 
for the motion of such arches from the pole towards the equator. 

The remainder of the paper is occupied with speculations as to the 
nature of fire-ball lightning, and other subjects relating to ordinary 
electricity. 
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“ Chemical Examination of Burmese Naphtha, or Rangoon Tar.” 
By Warren De la Rue, Ph.D., F.R.S., and Hugo Miiller, Ph.D.* 

In several localities of the kingdom of Burmah, there emanates 
from the soil in considerable quantity a peculiar oleaginous substance, 
which is employed for a variety of purposes, but chiefly as a lamp- 
fuel and as an unguent, by the natives, and exported in moderate 
quantities under the name of Burmese naphtha, or Rangoon tar. 

It is obtained by sinking wells of about 60 feet in depth, m which 
the liquid is collected by the miner as it oozes from the soil. 

At the common temperature this substance has the consistence of 
goose-fat; it is lighter than water, has usually a greenish-brown 
colour, and possesses a slight odour, peculiar, but not disagreeable. 
It consists almost entirely of volatile constituents. 

Burmese naphtha has already attracted the attention of other 
chemists ; at present we refrain from entering into a discussion of 
their results, since it is our intention to give a full history of this 
remarkable natural product when, after the completion of our expe- 
riments, we shall have the honour of submitting to the Royal Society 
a detailed account of our investigation. The object of the present 
communication is to trace a mere outline of the results at which we 
have arrived up to this moment. 

The circumstances under which petroleum—for this is the col- 
lective term which comprehends a great variety of oily emanations 
similar to Burmese naphtha—occurs in nature, all tend to prove that 
these substances are the products of a slow destructive distillation of 
the residuary matter of a primeval creation: this being admitted, the 
idea naturally suggested itself of examining this substance in com- 
parison with the products of artificial destructive distillation. 

With this view, one of us} was induced to procure, through the 
intervention of a friend, several tons of Rangoon tar, which was care- 
fully collected at the source, and transmitted to Europe in well-secured 
vessels. Our experience in the course of this inquiry, has shown 
that this quantity, large as it may appear, was by no means too 
ample a supply. Burmese naphtha contains indeed so great a variety 
of substances, and some of them in so exceedingly minute a propor- 
tion, that even the large amount of material at our disposal was in- 
sufficient for the complete examination of several constituents, the 
presence of which we had succeeded in establishing beyond a doubt. 
As an example, we may state that Burmese naphtha contains small 
quantities of organic bases, the study of which we were compelled to 
postpone to a later period, when an additional quantity of material, 
which is now on its way to Europe, will have come to hand. 

We have already mentioned that Rangoon tar is almost entirely 
volatile, and preliminary experiments proved to us that the distilla- 
tion could be effected most conveniently, and with less danger of ob- 
taining products of decomposition, in a current of steam ; first of a 
temperature of 100° C, (212° F.), and subsequently of steam super- 

* This paper was received during the Recess, and printed in No. 22 of the 


‘ Proceedings.’ 
+ Warren De la Rue. 
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heated by passing, before it entered the still, through a system of 
pipes the temperature of which could be regulated. Treated in this 
way, it furnishes 96 per cent. of volatile products, fluid and solid. 

Steam of 100° C. (212° F.) carries over 11 per cent. of a volatile 
oil perfectly free from solid hydrocarbons, which at that tempera- 
ture are entirely retained in the distillatory apparatus. Between the 
temperatures of 110° and 145° C. (230°-298° F.), 10 per cent. of a 
further distillate is obtained, which is almost free from solid hydro- 
carbons. The temperature may be raised to 160° C. (320° F.) 
without materially augmenting this per-centage; but on gradually 
increasing the temperature of the steam to the fusion-point of lead, 
the operation yields 20 additional per cent. of distillate, which retains 
its fluidity at 0° C. (32° F.), notwithstanding the presence in it of an 
appreciable quantity of solid matter. At this stage of the process 
the products of distillation begin to solidify on cooling, and about 
31 per cent. of a crystalline material is obtained sufficiently consistent 
to be submitted to pressure. After this the consistence of the pro- 
‘ducts of distillation begins to diminish ; and whilst the temperature 
of the steam is considerably raised, 21 per cent. of a mixture of solids 
and liquids distil, the latter predominating especially as the operation 
proceeds. 

In the last stage of the process the distillate completely changes its 
character, becoming very dark in colour, of a pitch-like consistence, 
and exhibiting scarcely an indication of the presence of crystalline 
matter. When this product, which amounts to about 3 per cent., 
has passed over, there remains in the still a coke-like mass, which 
contains a small quantity of earthy impurities. 

Although there is a considerable difference between the specific gra- 
vities of the first and last fractions of the distillates, all the products 
of distillation, like the original oil, are lighter than water, and could 
be separated therefore by means of the well-known apparatus (called 
a Florentine flask) employed in the distillation of essential oils. 

By exposing the distillates obtained beyond the temperature of 
145° C. (293° F.) to a freezing mixture, nearly all the crystalline 
matter solidified, and became removeable by means of filtration and 
pressure. It was thus ascertained that Rangoon tar contains from 
10 to 11 per cent. of solid constituents (paraffine). 


Solid Constituents. 


The solid product, when removed from the fluid hydrocarbons, 
still retains a portion of the latter with much obstinacy ; in order to 
purify the solid, it has to be subjected to the action of boiling con- 
centrated sulphuric acid, and to be subsequently washed, first with 
an alkaline solution, then with water. On redistillation, the paraftine is 
obtained quite white, but even now it still retains some fluid hydro- 
carbons which have resisted the action of the sulphuric acid; the 
greater part can be removed by pressure between folds of cloth in a 
powerful hydraulic press and subsequent exposure for some months 
to the air, in which the fluids gradually disperse. By fractional 
crystallization from hot alcohol, we have been enabled to separate the 
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solid product into at least two distinct compounds, which appear to 
have the same per-centage composition, agreeing either with C, H, or 
C,, H,+,, but which differ from each other in their physical properties. 
By the action first of sulphuric acid saturated with anhydrous acid, 
then with anhydrous sulphuric acid itself, we believe that we shall 
obtain compounds which will enable us to determine a rational for- 
mula for each of these interesting bodies. 


Liquid Constituents. 

In order to purify the liquid constituents of Burmese naphtha, they 
were, after the separation of the solid portion from such as contained 
any, twice redistilled in a current of steam, first of 100° C. (212° F.), 
and subsequently of superheated steam, the temperature of which 
was gradually raised. In the redistillation, however, steam of only 
100° C. (212° F.) was found to carry over fluids which boiled at a 
temperature as high as 300° C. (572° F.). 

A further separation of the various products was effected by 
repeated fractional distillations ; but no absolutely constant boiling- 
points could be obtained, notwithstanding the great number of distil- 
lations and the large quantity of material at command. It is true 
that considerable portions of distillates could be collected between 
certain ranges of temperature, tending to indicate a constant boiling- 
point ; nevertheless it soon became evident that distillation alone 
could not effect the separation of the various constituents, and that 
recourse must be had to other processes. The employment of con- 
centrated sulphuric acid first suggested itself, and by its means a 
whole group of hydrocarbons could be removed from the distillates, 
the residue consisting of hydrocarbons, on which it had no action. 
This was an important step; but recourse was subsequently had, 
with even more success, to the action of strong nitric or a mixture of 
nitric and sulphuric acids, by which means a series of nitro-compounds 
were obtained, which presented the advantage of being more easily 
studied than the sulpho-acids. The nitric-acid method, which has 
already been described at some length*, promises to be of general 
applicability in the separation of complex mixtures of hydrocarbons, 
and has, in the hands of Mr. C. Greville Williams+, been lately em- 
ployed with advantage in the investigation of ‘Some of the products 
of the distillation of Boghead Coal at low temperatures.” 


Hydrocarbons separable by Sulphuric Acid and Nitrie Acid. 


The proportion of hydrocarbons removeable from the various distil- 
lates by means of concentrated sulphuric acid, nitric acid, or a mix- 
ture of both acids, is in most cases small when compared with the 
part not acted upon ; it increases generally, however, with the boiling- 
point of the fluid, varying from less than one-tenth to nearly one-third 
part of the original compound-hydrocarbon. The nitro-compounds 


* In the specification of a patent granted to Warren De La Rue, Dec. 23, 
1854, and entitled ‘‘ Improvements in treating products arising from the distilla- 
tion of a certain Tar or Naphtha, to render the same suitable for dissolving or 
removing Fatty or Resinous Substances.” 

+ Phil. Mag. S. 4. vol. xiii. p. 134. 
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obtained by means of strong nitric acid are fluids at the lower end of 
the series, whilst with hydrocarbons boiling above 200° C. (392° F.) 
they are of a resinous consistence ; they frequently retain with obsti- 
nacy a portion of the not-acted-upon hydrocarbons, and more espe- 
cially if the experiment be conducted upon a small scale; nitro- 
compounds are sometimes obtained which float upon water, in con- 
sequence of this retention of the lighter hydrocarbons. 

In submitting the hydrocarbons to the action of the acids, we have 
invariably selected fluids which from their boiling-points appeared to 
be within certain limits homogeneous; but notwithstanding every pos- 
sible care in this selection, we have always obtained more than one 
sulpho-acid and more than one nitro-compound, as the case might be, 
and we have experienced very considerable difficulties in the separa- 
tion of the mixed products. In the case of nitro-compounds, advan- 
tage has sometimes been taken of their convertibility by a mixture 
of sulphuric and nitric acids into di- and tri-nitro-ecompounds, which 
admitted of fractional crystallization from various media. We have 
been thus enabled to isolate the following compounds, the analysis and 
properties of which place their existence beyond doubt, namely,— 


Nitrobenzole, 
Dinitrotoluole, 
Trinitroxylole, 
Sulphocumolate of barium ; 


and therefore it is evident that the Burmese naphtha products contain 
the corresponding hydrocarbons, namely,— 


Benzole cisics GO, Hg 
Faluole tres tered. ter Gy, Hy 
Mylelocwacaeidnwt oC gly 
Dnmoley. bstixces v1 gis 


- But we have found that the foregoing are by no means the only 


hydrocarbons separated by sulphuric acid and nitric acid, and we 
hope to establish the existence of other series containing terms iso- 
meric with, but differing in properties from, benzole and its homo- 
logues ; we have, moreover, good reason to suspect the presence of 
other compounds even less linked with the benzole series. 


Action of Reducing Agents on the Nitro-compounds. 

In order to throw further light on the constitution of the hydro- 
carbons in Burmese naphtha, removeable by the before-named acids, 
we have submitted the several nitro-compounds to the action of 
reducing agents. As was to be expected, our nitrobenzole yielded an 
abundant supply of aniline when distilled with acetic acid and iron 
turnings, thus confirming the existence of benzole beyond all possible 
doubt. In a similar manner the presence of toluole was further esta- 
blished by the preparation of nitrotoluole and toluidine. Béchamp’s 
method was, however, not equally applicable in all cases, so that 
Zinin’s original sulphide of ammonium process was resorted to; by 
its means we have obtained several new bases, and among them one 
crystallizing beautifully in long needles, having the appearance and 
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colour of alizarine. Some time must however elapse before the great 
number of new bodies can be fully studied. 


FTydrocarbons not acted upon by Sulphuric and Nitric Acids. 


The hydrocarbons which resist the action of monohydrated sul- 
phurie and nitric acids form, as has been before stated, by far the 
larger portion of the distillates obtained from Burmese naphtha. 
When purified by washing from adhering acid, by fractional distilla- 
tion, and finally by rectification in a current of dry hydrogen gas over 
the liquid alloy of potassium and sodium, they are obtained almost 
inodorous and perfectly colourless. Thus purified, they are very 
fluid, and retain their fluidity even in the intense cold produced by 
a mixture of solid carbonic acid and ether. No absolute fixity of 
boiling-point could be obtained in any of the products ; nevertheless 
a much greater constancy in this respect was observed than with the 
hydrocarbons before treatment with strong acids. The lowest boiling- 
point obtained was 50° C. (122° F.); the highest, being far beyond 
the range of the mercurial thermometer, was not ascertained. The 
specific heat of the vapour of all this series of hydrocarbons was 
ascertained to be very small, a fact which we believe accounts in 
some measure for the difficulties we experienced in the fractional 
distillations. For the purpose of analysis, we have contented ourselves 
with selecting such products as boiled within the same 5° C. (9° F.) 
of the thermometric scale. All the analyses tend to prove that the 
ratio of carbon to hydrogen increases slowly with an increase in the 
boiling-point, and to negative the not improbable assumption of the 
carbon and hydrogen being combined in equal equivalents. The 
general formula C, H,,.; agrees best with our results, and indicates a 
probability of the Burmese naphtha containing several radicals or 
their hydrides. ; 

Our endeavours to obtain definite substitution-compounds by 
means of bromine and chlorine have been attended with only partial 
success. Chlorine gas acts slowly in the dark, but more quickly 
with the aid of diffused daylight ; pentachloride of antimony, on the 
other hand, acts with so much violence that explosions frequently 
ensue. 

Bromine appears to separate the hydrocarbons into two distinct 
bodies, a circumstance which throws some doubt upon their simple 
constitution. Hydrated sulphuric acid saturated with the anhydrous 
acid likewise produces a separation of the hydrocarbons, absorbing 
one portion and leaving the other unacted upon ; anhydrous sulphuric 
acid, on the other hand, in some cases completely absorbs the whole, 
sometimes with evolution of sulphurous acid. The copulated sulpho- 
acids which are produced in these cases will probably enable us to 
clear up the enigma of the composition of the hydrocarbons; we 
think it better therefore not to lay much stress upon the Radical or 
Hydride hypotheses until further experiment has thrown more light 
upon the subject. Nevertheless we may state, that by operating 
upon a fluid boiling between 90° and 100° C. (194°-212° F.) with 
chlorine for some months, we at last obtained a cessation of all 
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action, and a chlorine compound resulted, which, when purified and 
analysed, gave numbers agreeing perfectly with C,, H,, Cl,, corre- 
sponding to a hydrocarbon, C,, H,,, a formula with which the ana- 
lysis of the original hydrocarbon was perfectly consistent, although 
its boiling-point pointed rather to a lower formula. 


Action of Oxidizing Agents on the Hydrocarbons. 


By the action of boiling diluted nitric acid, continued for many 
months, on the hydrocarbons not acted upon by concentrated 
sulphuric and nitric acids, oxidation gradually takes place, and a 
great variety of acids are produced, among which we have isolated 
succinic acid, and several others belonging to the series C,, H,_, O,. 

Oxalic acid, the lowest term of this series, could not be traced ; 
there occurs, however, in these products several of the volatile acids 
of the acetic acid series, but in very small quantities. The rough 
distillates obtained from the Burmese naphtha, when treated in the 
same manner, yield, in addition to the foregoing, several aromatic 
acids, derivatives of the benzole series and its isomers, differing however 
from any acids at present known. Other oxidizing agents have been 
employed by us, but not with such marked results. 


November 20.—Dr. Miller, V.P., in the Chair. 
The following communications were read :— 


‘«« Experimental Researches on the Organ of Vision.—Part I. Mi- 
croscopic Examination of the Circulation of the Blood in the Vessels 
of the Iris and of the Choroid Membrane, &c.” By Augustus 
Waller, M.D., F.R.S. 

In a former paper on the section of the optic nerve, the author de- 
scribed a process of producing temporary extrusion of the eyeball from 
the socket in the living animal. Although adopted in the first instance 
merely for the purpose of dividing the optic nerve de visu with as 
little injury as possible, the same means of exposing the eyeball may be 
advantageously employed for studying various other points relating to 
the physiology of theeye. In the first place, as the eyeball is so much 
protruded from the orbit, Kepler’s experiment on the eye removed 
from the body, showing that external objects form inverted images 
on the retina, may be performed on the living animal. For this purpose 
it is merely requisite to place a bright object obliquely before the 
pupil, a candle for instance, in order to ascertain that a reversed image 
of it is formed on the opposite side of the eye. On a young rabbit 
placed in a dark room, particularly if an albino animal is used, the 
inverted image of the candle, although having to traverse the choroid, 
the sclerotic and the muscular parts, is perceived bright, and tole- 
rably well defined. When this bright spot is examined with a lens 
or a compound microscope, it is found to be sufficiently illuminated 
to allow of the examination of the motion of the globules of the 
blood. On the young guinea-pig the same may be still more easily 
examined, but it is particularly the albino rat or surmulot (Mus 
decumanus) that the author has found most suitable for these obser- 
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vations, exophthalmosis being most easily produced on this animal, 
while the eye is so transparent and the iris so close to the cornea, 
that the circulation of the blood-globules in the vessels of the iris may 
be observed. At the same time, beneath the iris and sclerotic may 
be seen the ciliary processes from their origin at the ora serrata to 
their anterior extremity, where they are seen to form a circular crown 
with a serrated edge surrounding the crystalline lens. The vessels 
of the ciliary ligament of the choroid are likewise rendered accessible 
to actual inspection during life. 

For the purpose of examination, the animal is secured by a few 
turns of a band, about 14 inch in width, passed round its body so as 
to confine the limbs. It is then placed on a narrow slip of cork, to 
which it is fixed by some turns of string. When steadily fixed, ex- 
ophthalmosis is produced and maintained by passing a strong thread 
around the slip of cork and the head of the animal close to the eye, 
alternately in front and behind it. When the compound microscope 
is used, it will be found requisite to place the animal sidewise, so as 
to direct the object-glass over the bright image above mentioned, 
rue is always formed when the eye is placed before any bright 
ight. 

“The author first describes the vessels of the conjunctiva over the 
sclerotic and cornea. These vessels form a network behind and 
before the ciliary ligament, and join into numerous small trunks 
which unite with a circular ciliary vein running all round the ciliary 
ligament. In the corneal conjunctiva the vessels may be traced 
towards the summit of the cornea over the outer half of its surface, 
and even beyond. They are seen to commence internally, as if with 
free extremities, from whence the blood is seen circulating rapidly 
towards the circumference of the cornea. Then large meshes soon 
form, which become smaller as they approach the ciliary ligament, 
where they terminate ina circular vein surrounding the cornea. The 
~ rapid circulation of the blood at the apparent extremities of the ves- 
sels over the inner parts of the cornea, indicates their further con- 
tinuation inwards or below, although the author has not traced them 
further over the cornea. 

The vessels of the anterior surface of the iris, which Dr. Waller 
next examines, consist of arteries and veins. The former are derived 
almost entirely from the two long ciliary arteries which arrive near the 
outer and inner angles of the eye, their course being traced over the 
anterior half of the sclerotic until they reach the great circumference 
of the iris, where they each subdivide into two equal branches, one 
inferior, the other superior, which diverge at an obtuse angle, each of 
them running in an oblique direction towards the edge of the pupil 
until they attain the imer third of the iris, where most of the final 
subdivisions are bent outwards. These four oblique branches form a 
symmetrical figure of a lozenge-shape over the iris, each branch 
giving off internal and external twigs, the former ending in the small 
circumference, the latter in the large circumference of the iris. The 
course of the blood may be watched in these vessels from over the 
sclerotic to their termination in the iris, but in general the current 
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is too rapid to allow of the detection of the direction of the separate 
particles of the blood. It is only when the circulation becomes lan- 
guid that the separate globules can be seen distinctly running in a 
centrifugal (¢. e. arterial) direction. 

By compressing the eye slightly, the passage of the blood may be 
retarded, and by that means be easily followed; but in so doing an 
error may possibly be committed respecting the arterial nature of 
these vessels, as the course of the blood is then generally reversed in 
the arteries, and will be seen to take a centripetal direction, sometimes 
for upwards of a minute, according to the amount of pressure. But 
in a short time, after oscillating within the vessels, the blood again 
resumes its natural course, which may be sufficiently regulated to 
enable us to watch the passage of the globules in the oblique branches 
and in their internal and external subdivisions. 

The veins of the iris form two layers. The superficial layer com- 
prises all the larger veins—generally twenty-three or twenty-four 
mm number,—which radiate in a regular manner from the pupil out- 
wards towards the ciliary ligament. They arise at the pupillary edge, 
each by two or three fine twigs, which quickly meet in a common 
trunk, or sometimes run separately as far as the outer half of the 
iris, where they unite in a common trunk. 

The deep layer consists almost entirely of a fine network belong- 
ing to the radiating muscular fibres, and presenting a close analogy 
with the fine vessels supplying striated muscular fibre; the vessels 
being very minute, and the meshes elongated in the direction of the 
fibres. Sometimes the vessels from this layer unite into a small 
ramuscule, which empties into a radiating vein ; at others they unite 
in a common trunk, passing beneath the ciliary ligament into the 
choroid. 

The movement of the blood in the veins is generally not too rapid 
to distinguish the direction of the current and the separate globules, 
which appear to be constantly springing from around the edge of the 
pupil and pouring outwards along the veins of the iris into the cho- 
roidal and ciliary vessels. 

When the pupil is contracted, the radiating vessels are rectilinear ; 
but when it dilates they become curved and bent into zigzag and 
spiral forms, which are more or less curved or obtuse in proportion to 
the degree of dilatation of the pupil. This change in the form of 
the vessels does not appear to produce any difference in the speed of 
the current of blood. 

Around the ciliary ligament are two and often three circular vessels, 
receiving the blood from the conjunctiva of the cornea and sclerotic, 
partly from the iris, and probably from the ciliary processes. ‘Two 
of them are venous, and empty themselves into four large veins, 
corresponding to the anterior ciliaries, which arise in a perpendicular 
direction, and after following a rectilinear course over the sclerotic, 
finally end in the ophthalmic vein. The third circular ciliary vessel 
is of an arterial nature, as shown by the greater thickness of its 
parietes and the rapidity of its current. 

The current of blood in these vascular circles is a most interesting 
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object from the variety of its course, as into each anterior ciliary vein 
the blood is seen pouring out from the circular vein in two opposite 
currents, to be united into one in the larger vessel. The author also 
describes the appearance presented by the blood poured into the 
circular veins by their afferent vessels. 


** Researches on the Action of certain parts of the Solar Spectrum 
upon the Iris”’ By E. Brown Séquard, M.D. 

In 1847 I discovered that light has the power of acting directly 
upon the iris so as to produce there a muscular contraction, mani- 
festing itself by the constriction of the pupil. If an eye taken out 
from the orbit is alternately exposed to light and darkness, we find 
that the pupil becomes alternately constricted and dilated*. 

It was interesting to know whether the stimulation of the mus- 

cular fibres of the iris is produced by the chemical power of light or 
not. I had already found, in 1847, that only the parts of light 
which seem to have but very little chemical action, have the power 
of exciting contractions in the iris. But my experiments having 
been made with light passing through coloured glasses, were not 
decisive. Lately I have performed many other experiments, making 
use of light decomposed by the prism. In one case, with the 
assistance of Messrs. Dubose and Nachet, jun., I experimented with 
electric light, and in the other cases I made use of direct solar 
light. : 
In all these cases the same results have been obtained. I uni- 
formly found that the yellow part of the spectrum acted as well as 
undecomposed light, and that the other parts of the spectrum had 
either no action at all, or only a very slight one. The parts of the 
green and orange adjoining the yellow had a decided but very slow 
action. The two extremities of the spectrum, and the dark places 
in their neighbourhood, not only had no constrictive action upon 
the pupil, but did not prevent it from dilating, and the dilatation 
seemed to take place as quickly as when the eye was put in complete 
darkness. 

From these experiments it appears that the power possessed by 
light, of stimulating the circular fibres of the iris, belongs not to its 
chemical or to its calorific parts, but to its illuminating elements. 
It seems therefore that it is not by a chemical action, but by a 
peculiar dynamical influence that light produces contraction of the 
iris. 

The power of the iris to contract when stimulated by light lasts 
extremely long, particularly in certain animals. In the eel I have 
found the muscular irritability of the iris, in one case, lasting sixteen 
days, during the last winter, in eyes taken out from the orbit. This 
is an interesting fact, not only on account of the long duration of 
vitality in the iris, but on account of the conclusion that we are 
entitled to draw from it, that muscular fibres may be stimulated 
without the intervention of nerves. In the iris of the eel the nerve- 


* Comptes Rendus del’ Acad. des Sciences, vol. xxv, pp. 482 & 508 ; and Comptes 
Rendus de la Société de Biologie, yol. i. p. 40. 
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fibres are found very much altered a few days after the extirpation of 
the eye from the orbit, and they are almost destroyed twelve or 
fifteen days after this extirpation, i.e. at a time where muscular 
irritability is sometimes still existing. 


* Photo-chemical Researches.—Part I. On the Measurement of 
the Chemical Action of Light.” By Professor Bunsen of Heidel- 
berg, and Henry Enfield Roscoe, B.A., Ph.D. 

The only instrument which has been applied to the measurement 
of the chemical action of light was proposed in 1843 by Dr. Draper 
of New York. The sensitive substance employed by him was a 
mixture of chlorine and hydrogen, and by measuring the diminution 
ensuing on exposure to light, he experimentally determined some 
important relations of photo-chemical action. Draper’s instrument 
is, however, not adapted for accurate measurements, owing, in the 
first place, to the fact that the gas is subject to varying pressure ; 
and, in the second place, that the statical equilibrium, which must 
exist between the free and dissolved gases, in order that the free gas 
should consist of equal volumes of chlorine and hydrogen, was never 
approached. 

In order to obtain more accurate results than was possible with 
Draper’s tithonometer, we sought for means of preparing a gas con- 
taining equal volumes of chlorine and hydrogen; this means was 
found, notwithstanding Draper’s contrary statement, in the electro- 
lysis of strong aqueous hydrochloric acid. A series of volumetric 
analyses proved that the gas thus evolved consisted, as soon as the 
requisite saturation had been attained, of exactly equal volumes of its 
component parts, and did not contain the slightest trace of oxygen 
or oxides of chlorine. Another series of experiments with gas, simi- 
larly prepared, but allowed to stand before analysis for many hours 
in the dark in closed vessels, proved that, at the ordinary atmospheric 
temperature, the gases do not enter into combination when the light 
is excluded. Being thus enabled to prepare a substance which 
undergoes decomposition on exposure to light, but does not change 
on preservation in the dark, we proceeded to construct an apparatus 
by means of which the laws of the chemical action of light might be 
thoroughly investigated. After many fruitless attempts, we have 
succeeded in constructing an instrument, by which not only accurate 
comparative determinations can be made, but which has enabled us 
to reduce the chemical action of light to an absolute measure. 

The most essential conditions fulfilled by our instrument are the 
following :— 

1. A continuous evolution of a gas consisting of exactly equal 
volumes of chlorine and hydrogen free from all foreign impurities. 

2. Constant pressure on the gas and liquids throughout the appa- 
ratus. 

3. Absence of all caoutchouc or other organic matter which might 
alter the composition of the gas. 

4. Exclusion of all variation in the composition of the gas in the 
apparatus from exposing the saturated liquids to the light. 


Phil. Mag. 8. 4. No. 89. Suppl. Vol. 13. 2N 
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5. Complete establishment of the statical equilibrium between the 
free and dissolved gases. 

6. Elimination of the disturbing action of radiant heat. 

The instrument in which these conditions are fulfilled is con- 
structed entirely of glass, and consists essentially of four parts, viz.— 
1, a decomposing tube in which the gases are generated from carbon 
poles; 2, a washing tube containing water, furnished with an air- 
tight glass stopcock ; 3, the vessel in which the gases are exposed to 
the action of the light attached to the other parts of the apparatus 
by air-tight ground-glass joints; and 4, a horizontal tube on which 
the diminution of volume in the insolation vessel is observed by 
means of a millimeter scale. 

When the apparatus is freshly filled with the requisite quantity of 
water, the pure electrolytic gas is allowed to pass through, certain 
necessary precautions being used, until a constant source of light, 
such as a coal-gas flame burning under certain circumstances, pro- 
duces in equal times always the same alteration of volume. This 
constant maximum action is generally not reached until from eight 
to ten litres of gas have passed through the instrument, and the 
saturation has continued for from three to six days. As soon, how- 
ever, as this maximum is attained, the instrument is ready for use, 
and preserves this constant sensibility for many weeks, requiring 
only a short saturation each day in order to fit it for accurate photo- 
chemical measurements. 

On exposing the gas to the light, the quantity of hydrochloric 
acid formed does not at once attain the maximum: a certain time 
often elapses before any alteration of volume is perceptible ; a slight 
action is, however, soon observed, and this gradually increases until 
the permanent maximum is reached. This phenomenon, to which 
we haye given the name of photo-chemical induction, is one of great 
interest and importance, and will he specially studied in our next 
section. As the maximum action is not attained for several minutes 
after the first exposure, the observations can only be made use of as 
soon as the action for several successive minutes has become ccn- 
stant. By a combination of several actual observations, the differ- 
ences between the indications are found to be very slight. 


Found. Mean. Diff. 
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A special investigation was conducted for the purpose of deter- 
mining the effect produced by the heat evolved from the slow com- 
bustion of the chlorine and hydrogen. Experiment and calculation 
gave the following as some of the more important results :— 

1. That the heat evolved in the insolation vessel from the com- 
bustion of the gases exerts no perceptible influence on the indications 
of the instrument. 

2. That the slight diminution in volume which occurs in the first 
few seconds after exclusion of light, is entirely owing to a decrease of 
temperature from a cessation of the combustion. 


a 
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In order fully to test our apparatus, we have observed the action 
effected by a coal-gas flame of constant dimensions on our apparatus 
on different days. Determinations made in June last gave the follow- 
ing results :— 


Action in 1 min. Diff. from mean. 
Lith junew sel400 sre FOr 
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Mean value. . 13°91 


Observations made with the constant flame placed at different 
known distances from the insolation vessel, proved that the amount 
of chemical action produced varied inversely as the square of the 
distance ; and experiments made in September with the standard 
flame gave results which agreed most exactly with those obtained in 
June. From the exact agreement of these various observations we 
are assured of the accuracy and reliability of the measurements made 
with our instrument. 

In order to see whether the variation of the atmospheric tempera- 
ture exerted any influence on the sensibility of the electrolytic gas, 
we saturated the apparatus at various temperatures lying between 
18° and 27° C., and found that the difference between the action at 
any two temperatures lying between the above degrees was so slight, 
that it did not exceed the unavoidable errors of experiment. 

In the next communication we shall consider the relations of the 
interesting phenomena of photo-chemical induction. 


Dec. 11.—General Sabine, R.A., V.P. and Treasurer, in the Chair. 


The following communications were read :— 

‘« Observations made to ascertain the Specific Gravity of Sea-water 
in the Northern and Southern Hemispheres.” By Rear-Admiral 
Philip P. King, R.N., F.R.S. &e. 

The specimens of sea-water experimented upon were collected 
during the voyage of Her Majesty’s Ship ‘Adventure,’ commencing at 
Rio de Janeiro, and from thence in succession to St. Catharine’s, the 
River Plate, round the Falkland Islands to Cape Horn, and thence to 
Valparaiso ; and during the ship’s return from Valparaiso, through 
the Strait of Magalhaens to the River Plate and Rio de Janeiro. 
The series was then completed by the voyage to England. 

From the author’s observations it may be inferred that the density 
of the water of the Ocean is, very nearly, identical in all parts of the 
Atlantic between 40° North and 40° South latitude, the exceptions 
being due to local causes. Dry winds, by increasing the effect of 
evaporation, would naturally increase the density of the surface water, 
whilst on the other hand, winds charged with vapour would have but 
little effect ; and a heavy fall of rain, particularly in equatorial parts 
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of the Ocean, where the sea is so little disturbed, would very sensibly 
‘diminish it. It is also very sensibly less in the vicinity of the coast, 
particularly when the latter is of a shoal character, as is the case 
between the River Plate and the Strait of Magalhaens, where the 
whole extent is fronted by a bank having from 30 to 50 fathoms of 
water. 

The mean specific gravity of the water of the South Pacific, con- 
tained between the parallels of 10° and 40°, is 1026°48, and between 
40° and 60° it is 1026713. 


**Qn the Existence of Silver in Sea-water.”” By Frederick Field, 
F.C.S. 

In a paper published by MM. Malaguti, Durocher, and Sar- 
zeaud in the ‘Annales de Chimie et de Physique,’ xxviii. p. 129, 
there is an account of the detection and estimation of silver in 
sea-water. The authors suspected the existence of the metal from 
the extensive diffusion of silver in the mineral kingdom, the conversion 
of its sulphide into chloride by the prolonged action of soluble bodies 
containing chlorine, and the solubility of chloride of silver in chloride 
of sodium. The methed pursued was by passing sulphuretted 
hydrogen through large quantities of water, and also by fusing 
the salts obtained by evaporation with litharge and subsequent cu- 
pellation. 

As a solution of chloride of silver in chloride of sodium is instantly 
decomposed by metallic copper, chloride of copper being formed and 
silver precipitated, it appeared to me highly probable that the copper 
and the yellow metal used in sheathing the hulls of vessels, must, 
after long exposure to sea-water, contain more silver than they did 
before having been exposed to its action, by decomposing chloride 
of silver in their passage through the sea, and depositing the metal on 
their surfaces. A large vessel, the ‘ Ana Guimaraens,’ now under the 
Chilian flag, was hauled down in the Bay of Herradura, near Coquimbo, 
for the purpose of being repaired, and the captain obligingly furnished 
me with a few ounces of the yellow metal from the bottom of the vessel. _ 
The investigation was interesting, as the metal had been on for more 
than seven years (an unusually long period), and the ship had been 
trading up and down the Pacific Ocean all that time. The metal, 
upon examination, was found to be exceedingly brittle, and could be 
broken between the fingers with great ease. 5000 grs. were dissolved 
in pure nitric acid and the solution diluted ; a few drops of hydro- 
chloric acid were added, and the precipitate allowed to subside for 
three days. A large quantity of white insoluble matter had collected 
by that time at the bottom of the beaker. This was filtered off, 
dried, and fused with 100 grs. pure litharge and suitable proportions 
of bitartrate of potash and carbonate of soda, the ashes of the filter 
also being added. The resulting button of lead was subsequently 
cupelled, and yielded 2°01 grs. silver, or 1 lb. 1 oz. 2 dwts. 15 grs. 
troy per ton. This very large quantity could hardly be supposed to 
have existed in the original metal, as the value of the silver would be 
well worth the extraction. It is to be regretted that the captain had 
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none of the original on board. A piece of yellow metal with which 
he was repairing the vessel yielded only 0 oz. 18 dwts. to the ton. 
I was enabled by the courtesy of the captain of the ‘Nina,’ a brig 
which had just arrived in the Pacific from England, to obtain more 
satisfactory information. He gave me a piece of Muntz’s yellow 
metal from his cabin, from the same lot with which the brig was 
sheathed, but which had never been in contact with salt water; and 
also a small portion from the hull of the ship after it had been on 
nearly three years. The experiments were performed as before, and 
the results were very striking. 


grs. gr. oz. dwts. grs. 
1700 from cabin gave ‘051=-003 per cent.=0 19 14 per ton. 
1700 from hull ,, -400=:023 5 == epee ae allaieke gees 


That which had been exposed to the sea having nearly eight times as 
much silver as the original sample. 

Many other specimens were examined of metals from the bottoms 
of ships, and of pieces which are always kept on board in case of 
need, and it was invariably found that the former contained more 
silver than the latter. For instance, a piece from the hull of the 
‘Bergmann’ gave 5 ozs. 16 dwts. 18 grs. per ton, while that from 
the cabin yielded 4 ozs. 6 dwts. 12 grs. 200 grs. from a piece from 
the hull of the ‘ Parga’ gave ‘072 gr., and a piece of fresh metal 
‘050; while from the ‘Grasmere,’ only coppered a few months, 
610 grs. from the hull gave ‘075 and from the cabin ‘072,—a very 
slight difference indeed. 

It will be observed that the amount of silver in the above specimens 
of fresh metal is very high, and it is probable that most of these are 
merely the re-rolling of masses of metal melted down from old 
sheathing, and have derived the greater part of their silver from the 
sea on former occasions. It is well known that the copper used in the 
manufacture of yellow metal is very pure, containing 2 or 3 dwts. of 
silver per ton, frequently not so much, and silver is very seldom asso- 
ciated with the other constituent, zinc. In order to arrive at more 
certain results, however, I have granulated some very pure copper, 
reserving some in a glass stoppered bottle, and suspended the 
remainder (about 10 ounces) in a wooden box perforated on all sides, 
a few feet under the surface of the Pacific Ocean. When occasion 
offers, the box is towed by a line at the stern of a vessel which is 
trading up and down the coast of Chili. It is almost too soon to 
expect any decisive results at present, but in a few months I hope 
to be enabled to send both the original copper, and that which has 
been exposed to the action of the sea. 


“On the Causes of the great Variation among the different 
Measures of the Earth’s Mean Density.” By Captain W. 8. Jacob, 
Director of the Observatory at Madras. 

The result of the Pendulum experiments in the Harton Colliery, 
undertaken by the Astronomer Royal in 1854, and detailed in his 
paper presented to the Royal Society in January 1856, appears at 
first sight rather startling, as adding to the already somewhat dis- 
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crepant measures or estimates of the earth’s mean density one more 
discordant than ever ; so that we have now values ranging from 4°*7 
to nearly 6°6 ; a range, which, in the absence of any sufficient ground 
for selecting any one as true to the exclusion of the rest, would seem 
to deprive us of all confidence in their correctness as measures, and 
leave them rather to be classed as estimates of a very rough de- 
scription. 

But it will be my endeavour to show, that, while none of the 
methods employed are capable of giving strictly accurate results, the 
Cavendish experiment is the one which may be relied on as giving a 
good approximation to the truth, within limits of error (when con- 
ducted with proper precaution) far less than those to which either of 
the other methods are liable. 

The three principal methods which have been tried are,—Ist, the 
Schehallien or Huttonian, which consists in comparing the total 
attraction of the earth with that of a mountain mass, by measuring 
astronomically the inclination of the normals at a given distance in 
the meridian-plane on each side of the mass; and then inferring the 
attraction of the mass from the difference of this inclination from 
what it would be on an exact spheroid ; 2nd, the Cavendish experi- 
ment, in which the earth’s total attraction is compared, by means of 
the torsion-balance, with that of a small mass of known dense material ; 
and 3rd, the pendulum, or Airy’s experiment, in which the total 
attraction is compared with that at some distance below the surface, 
or by means of differences, with that of the outer spheroidal shell, 
whose density may be supposed, approximately at least, to be 
known. 

Now none of these methods give the mean density as a direct 
result ; for the result obtained, the earth’s total attraction, is=g x the 
sum of (all the particles divided respectively by the squares of their 
distances) instead of g x (the total mass divided by the square of the 
radius or mean distance): and to assume the equality of these, is to 
assume the earth to be a sphere, and to have its matter arranged in 
concentric shells or layers of equal density throughout each layer, 
both of which we know to be untrue. Mr. Airy has indeed shown 
that, in the case of his experiment, it is sufficient if we know, as 
regards the upper shell, the form and density of that portion which 
is in the immediate neighbourhood of the place of observation, with- 
out attending to irregularities of distant parts; but he has xo¢ shown 
that variations of density 4e/ow and near to his lowest station would 
not sensibly vitiate his results. 

In order to show the nature and amount of error that might 
thus be introduced, let AB be a section of the earth through the 
centre, AC an inscribed sphere of half the diameter; then it is 
evident that on the supposition of a uniform density throughout, the 
attraction of the small sphere on the point A would be just half of 
the total attraction of the earth, although its mass would amount to 
but 1; and if this small sphere were to have its density doubled, the 
total attraction at A would be increased by one-half, while the mean 
density would be altered by only §. 

Now it is quite true that we need not fear any great deviation of 
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density extending through so large a portion of the earth, for that 
would displace the centre of gravity to a sensible extent, which 
would become perceptible in the measurements of latitude ; but a 
local deviation might produce a smaller but yet sensible amount of 
error; thus if AC! (fig. 2) represent a sphere of 100 miles dia- 
Bie. 1. Fig. 2. 
A 
“a SS 


‘<i eee ~ 
x C’ 


B 


meter, the attraction of this on the point A will=z, = where 


D is the earth’s mean density, d that of the small sphere, and g the 
total attraction at A. If, therefore, d should be changed to d', the 
attraction at A, or the apparent mean density, will be altered in the 
, d'—d ; ‘ 4 : 
proportion of 1: +357 ; which might be a sensible quantity 
without producing any sensible effect on the ¢rve mean density, or 
on the position of the centre of gravity, since the bulk of AC! would 


be only about ras of that of the earth. Now we know little or 


nothing of the density of the matter a few miles below the surface ; 
only we are sure, from the discordant lengths of the pendulum in 
different latitudes, and even in the same latitude under different 
meridians, that the local deviations are indeed sensible, yet of so 
small an amount as hardly to affect this inquiry, and that the error 
from this cause can never even approach 1 per mille. The Cavendish 
experiment may therefore be considered as practically free from error 
of this kind; and as regards errors arising from manipulation or instru- 
mental causes, their probable amount may be determined in the 
ordinary way from the variation of the results. But if the Cavendish, 
why may not the Huttonian experiment equally be considered free 
from error? Because in the former we are dealing with disturbing 
masses whose amount is exactly known, whereas in the latter, while 
we may approximately measure the mass of the mountain above the 
surface, we do not know how much may be added or abstracted 
below ; and we have no right to assume that the mountain is merely 
a detached mass resting upon the general surface ; it will almost cer- 
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tainly have roots differing in density from the surrounding country, 
as has been ably shown by Mr. Airy in the Philosophical Trans- 
actions for 1855, page 101. : ; 

In the case of the pendulum experiment the uncertainty is some- 
what greater ; thus, let AB represent the Harton pit, and let BC be 
a sphere of lead (supposed to lie at its ; 
foot) of a diameter equal to AB (i. e. Fig. 3. 
about } mile) ; the eee of this One : 
about double the mean density of the pea 
earth and about quadruple that of the ~~ 1) hie 


neighbouring country, its excess of attrac- R 


tiie taevdl be=57an7° while /its 


attraction at A will be only 3 of this, 7 
and the difference of its attraction on the 


: : g 5 . 
two stations will therefore be 93695 being only a little less than 


the whole quantity observed by Mr. Airy. We may indeed be 
pretty sure that there is no such mass of Jead, or mineral of nearly 
equal density, at the foot of the Harton shaft, yet it is quite con- 
ceivable that there should be, within the sphere BC, an excess of 
density amounting to } of that of lead, or about 1°4 ; and this would 


produce a difference of effect on A and B amounting to cea and 
* 


would alter the value of = to 2°384, and that of E+ to 5:96, 


approaching considerably nearer to Baily’s determination. Further, 
there must doubtless be a small latitude allowed to the assumed den- 
sity of the upper strata, the average of which, within the limits that 
would affect the pendulum, may not be exactly the same as in the 
immediate vicinity of the pit ; supposing it to be 2°4 instead of 2°5, 
E will be reduced to 5°72, being wearly identical with Baily’s value. 

If it should be objected that so large a variation of density as that 
assumed above (1°4), though possible, is not likely ; the same effect 
might be produced by a smaller rate of change through a greater 
space; thus an addition of about 0°5 to the specific gravity of a 
sphere of 1 mile in diameter, or of 0°33 to one of 10 miles diameter, 
would have nearly the same effect, and it cannot be contended that 
these are improbably large. 

Should the experiment ever be repeated, it would be desirable to 
swing the pendulum at one (at least) intermediate station between 
the top and bottom of the shaft, by which means any error of this 
kind might be approximately eliminated. In the mean time I think 
there are hardly sufficient grounds for impugning the correctness of 
the value of E (5:67) deduced by the late Francis Baily from his 
carefully conducted repetition of the Cavendish experiment. 


* Ratio of mean density of the earth to that at the surface. 
+ Earth’s mean density. 
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GEOLOGICAL SOCIETY. 
[Continued from p. 467.] 
May 6, 1857.—Colonel Portlock, R.E., President, in the Chair. 


“The Silurian Rocks and Fossils of Norway, described by M. 
Theodor Kjerulf, and those of the Baltic Provinces of Russia, by Prof. 
Schmidt, compared with their British Equivalents.” By Sir R. I. 
Murchison, V.P.G.S. &c. 

M. Kjerulf of Christiania, having communicated to the author 
descriptive letters and illustrative diagrams of the relations and di- 
mensions of the different strata of the Silurian rocks of the territory 
of Christiania, as well as a series of their organic remains,—and Count 
Keyserling having forwarded to him a memoir by Prof. F. Schmidt, 
of Dorpat, comprising the results of an examination of the Silurian 
rocks of the territory of Esthonia, Northern Livonia, and the Isle of 
Oesel,—Sir Roderick in this paper brought an outline of these docu- 
ments under the consideration of the Society, in order to show how 
independent observers in other tracts have come to the conclusion 
that the Silurian System as defined by them, as well as by himself, 
forms a natural-history group, both as to its geological relations and 
its zoological contents. He pointed out also that the Silurian 
rocks of Russia and Scandinavia agree with those of Britain from 
the Lingula-flags upwards to the Ludlow rocks inclusive. 

M. Kjerulf divides the whole Silurian series of his country into 
three physical groups, viz. (in ascending order) the Oslo, the 
Oscarskal, and the Malmoe groups; and in these he recognizes four- 
teen subdivisions. The lowest, or Lower Oslo group, including the 
alum-schists with bituminous limestone, and resting upon unfossili- 
ferous quartzites, the equivalent of the Longmynd rocks, represents 
(though only 150 feet thick) the ‘‘ primordial zone” of Barrande, 
and the Lingula-flags and Stiper-stones of Britain. It contains the 
Graptopora flabelliformis and Fenestrella socialis mixed with Lingule, 
as in Britain ; and with these occur the Agnostus pisiformis, Didymo- 
grapsus geminus, and Orthis calligramma, which in the Silurian 
region of Britain are found in the true Llandeilo group. Hence, the 
author observes, that, in extending our survey, it is impracticable 
in general classification to separate the Lingula-flags or ‘‘ zone 
primordiale”’ from the Lower Silurian rocks. The Upper Oslo 
group, with graptolites and orthoceratites, represents the Llandeilo 
rocks. The Lower Oscarskal groups are referred to the true 
Caradoc or Bala series, as now defined. ‘The Upper Oscarskal and 
part of the Lower Malmoe group (comprising the Pentamerus rocks) 
represent the Llandovery rocks of South Wales, forming a transition 
from the Lower to the Upper Silurian rocks of Murchison. The 
equivalents of the Wenlock and Lower Ludlow rocks succeed in the 
Middle and Upper members of the Malmoe group. 

The Silurian rocks of the Baltic provinces of Russia (as indicated 
in a map) are represented by Prof. Schmidt as consisting essentially 
of a series of strata following each other in ascending order, at slight 
angles of inclination to the south, constituting zones trending gene- 
rally from east to west, and passing under the Devonian rocks of 
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Southern Livonia. With but partial exceptions the Silurian series 
of Esthonia is almost entirely composed of calcareous bands. 

The ‘ Pleta,”’ or the oldest and most northern group of the se- 
ries, caps the cliffs of the Gulf of Bothnia, which are known as the 
*Glint,” and is based on the Ungulite grit and associated argilla- 
ceous and sandy beds of the government of St. Petersburg. It is 
of the age of the Llandeilo rocks, and is succeeded by coralline lime- 
stones of the Caradoc or Bala age. The next series of strata com- 
prise two bandsof Pentameri(P. borealis and P. oblongus), representing 
the Llandovery series. The succeeding group is developed partly 
on the continent and partly on the north-eastern portion of the Isle 
of Oesel, and chiefly consists of dolomites of the Wenlock age. In 
the south-western portion of the island are still higher strata of the 
Ludlow series, in which fish-remains are not unfrequent. 

In comparing these Scandinavian, Esthonian, and British Silurian 
rocks together, Sir Roderick particularly dwelt upon—1. the natural 
indivisibility of the alum-schists and Lingula-flags from the rest of 
the Lower Silurian series; 2. the extensive occurrence of the Pen- 
tamerus-zone, marking the passage-beds between the Upper and 
Lower members of the series; 3. the general uniformity in the 
distribution of the organic remains of the several successional groups 
of beds, although the strata themselves are very variously developed, 
as to mineral character and thickness; and 4. the characteristic 
agreement in fossils between the several Silurian areas of Northern 
Europe, North America, Canada, and the Arctic regions, on the one 
hand; whilst, on the other, the Silurian rocks of France, Spain, 
Bohemia, the Ural, and probably of South America, are dissimilar 
as a group, from their northern representatives, both in palzonto- 
logical and lithological characters, marking the existence of distinct 
geographical limits of life during the older palzozoic period. 

In conclusion, the author stated that all the evidence tended to 
prove that in Scandinavia, as in Russia in Europe, the Silurian rocks, 
both Lower and Upper, form a united and unbroken whole; and 
that, both by fossils and by strata, they exhibit in those countries, 
and in a very small compass, a natural-history system quite as com- 
plete and more easily understood than their much more expanded, 
highly varied, and dislocated equivalents in the British Isles. 


May 20, 1857.—Col. Portlock, R.E., President, in the Chair. 


The following communications were read :— 

1. “ Description of a small Lophiodont Mammal (Pliolophus vul- 
piceps, Owen) from the London clay, near Harwich.” By Prof. 
Owen, F.R.S., F.G.S. &c. 

The subject of this paper was a considerable portion of the ske- 
leton of a small quadruped, about the size of a fox, imbedded in, and 
apparently the nucleus of, one of the septarian nodules of the 
London clay, which are dredged up at the mouth of the Thames 
for the purpose of the manufacture of Roman cement. 

From this nodule were extricated the skull with the entire series 
of teeth in both jaws, the right humerus, portions of the pelvis, 
right femur, left femur, left tibia, and the three metatarsals of a 
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hind foot. Many portions of ribs and vertebra remained imbedded 
in the hard matrix. 

The septarian nodule containing the above parts was transmitted 
to the author by the Rev. Richard Bull, M.A., Vicar of Harwich, 
by whose permission the bones were extricated, described, and figured 
for the present communication. 

The length of the skull is 4 inches, its extreme breadth 2 
inches 2 lines, the height of the cranium opposite the first pre- 
molar tooth 9 lines. Its shape and characteristics determine the 
hoofed nature of this species and its affinities to the Perissodactyla, 
or the order of Ungulata with toes in odd number. 

The orbit, 9 lines in vertical diameter, is smaller than in the 
Hyracotherium, and is not situated so low down as in that animal, 
the Paleotherium, and the Tapir. The dentition accords with the 
type of the diphyodont Mammalia, viz. i c = p = m oa 44. 

The characters of these teeth were described. The canines are 
small in both jaws: they are separated by a vacant space from the 
outer incisors, and by a longer interval from the first premolars. 
These form a continuous series with the remaining teeth in the 
upper jaw, but are separated by a space of about half their breadth 
from the second premolar in the lower jaw. The succeeding teeth 
increase in size to the penultimate molar in the upper, and to the 
last molar in the lower jaw, which tooth has a third lobe. 

In his comparisons of the modifications of the grinding surface of 
the teeth, the author remarked that the generic or family type of the 
Lophiodont upper molars is, to have the outer wall developed into 
two cones, from each of which is continued an oblique ridge which 
expands into, or joins, a smaller and lower cone on the inner side of 
the crown. 

In Pachynolophus, a subgenus of Lophiodonts foundedby M. Pomel, 
ona species of the size of the Pliolophus from the calcaire grossier of 
Passy near Paris, the oblique ridges are lower at their commencement 
and more partially expanded in their course inward than in Lophiodon 
proper. In Pliolophus the partial expansion is more circumscribed, and 
forms a small intermediate tubercle, except on the ridge at the hinder 
half of the last upper molar. In the lower jawof Pachynolophus the first 
premolar, according to the description and figure given by M. Ger- 
vais (Paléontologie Frangaise, 4to, pl. 17, figs. 1 & 2), is not 
developed, and the canine is separated from the molar series by a 
diastema of twice the length of that in'Pliolophus. This latter genus, 
therefore, is more nearly allied, in respect of the number and position 
of its teeth, to Lophiodon proper; but it differs from all previously 
known Lophiodonts in the modification of the grinding surface of 
the molars of the lower jaw. ‘This surface in Lophiodon, Pachyno- 
lophus, Lophiotherium, Tapirulus, and Coryphodon presents two trans- 
verse ridges connected by a diagonal ridge : whereas each transverse 
ridge in Pliolophus is divided into a distinct cone, the anterior pair 
on the second true molar being separated by an intermediate small 
cone, thus affording, as in the Stereognathus, an instance of three 
cones on the same transverse line in a lower molar tooth. In the 
last true molar the anterior pair of cones are united by a low and 
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short transverse bar—the rudiment of the middle tubercle in the 
preceding tooth. In Coryphodon the sinking of the middle of each 
transverse ridge seems a step towards the more complete bifurcation 
of the ridge in Pliolophus. 

The mandible and lower molar teeth of the Hyracotherium are 
unknown ; but, in regard to the upper molars, Pliolophus approaches 
Hyracotherium in the characters by which it deviates from other 
Lophiodonts. 

The differences in the dentition, and in the part of the skull of 
the Hyracotherium which can be compared, between that genus and 
Pliolophus were pointed out in detail; but the degree of resemblance 
is such as to lead the author to adopt the idea, first broached by the 
late Mr. W. H. Turner*, that Hyracotherium is more nearly or 
essentially allied to Lophiodon than to Cheropotamus. The third 
trochanter on the femur of Pliolophus, and the association of three 
metatarsals in one portion of the matrix, as if belonging to the same 
hind foot, confirm the essentially perissodactyle affinities of that genus 
as shown by the skull and teeth. Pliolophus and Hyracotherium 
form, in the author’s opinion, a well-marked section in the Lophiodont 
family, which seems to have preceded the Palzotherian family in the 
order of appearance, and to have retained more of the general ungulate 
type than that family. This is shown by the graduation of the tapiroid 
modification of the molar teeth into one more nearly resembling that 
of the Anthracotheria and Cheropotami; by the absence of the 
postero-internal cone on the ultimate premolar, by which all the 
premolars are, as in Artiodactyles, less complex than the true molars ; 
by the form and position of the nasal bones and the structure of the 
external nostril. 

In regard to the evidence of closer adherence to type shown by 
the dentition of Pliolophus and other ancient mammals, the author 
concluded by remarking that the dental formula of the Oolitic ge- 
nera Thylacotherium, Spalacotherium, and Triconodon accords, by the 
unusual number of small and similarly shaped molars, with a less 
specialized type than that of the Diphyodont Mammalia, which he 
terms the more general vertebrate type, and exemplifies that which is 
shown by Reptiles, Fishes, Cetacea, and certain Armadillos: if the 
Plagiaulax of the Purbeck beds departs from this type in the reduction 
of its true molars to ¢wo, it singularly manifests its closer adherence 
to the type-dentition of ite order by having its peculiarly shaped 
premolars in the typical number three; whereas the only existing 
marsupial genus with premolars of such a shape, viz. Hypsiprymaus, 
Illig., has those teeth reduced to one in each molar series. 

The exception offered by the Plagiaulax is like that of Proteles 
amongst the Canide, in which wild species of Dog the true molars 
are reduced to one in each series. But this exception does not 
invalidate the generalization from the dentition in the rest of the 
Dog-and-Wolf family, any more than Plagiaulav affects the general 
expression of the facts presented by the dentition of the great ma- 
jority of the known eocene Mammalia, of which the author in 
conclusion cited thirty-seven genera which exhibited the typical 


* Annals and Magazine of Natural History, Dec. 1850, p. 397. 
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diphyodont dentition; some of these genera being strictly carni- 
vorous, some herbivorous, and others omnivorous. 

[Professor Owen’s paper was illustrated by the unique specimen 
of the Pliolophus, carefully divested of its matrix; and by highly 
finished drawings of its dental structure. ] 


2. ‘*On some Remains of Terrestrial Plants in the Old Red Sand- 
stone of Caithness.’”’ By J. W. Salter, Esq., F.G.S. 

An extensive series of plant-remains from the Devonian series of 
the North of Scotland have been made by Messrs. J. Miller and 
R. Dick of Thurso, by Mr. Peach of Wick, and by Dr. Hamilton 
in Orkney ; and, a comprehensive series having been submitted to 
the Director-General of the Geological Survey, Mr. Salter offered 
the present communication to incite Botanists to a more critical 
examination of this old flora. The fossils occur in a dark-grey flag- 
stone, which is often marked with impressions of Annelide-burrows 
in pairs. Most of the specimens consist of glossy black coaly 
matter, either in large compressed stem-like fragments, sometimes 
3 feet long and 4 inches broad; or in equally long, but narrower, 
curved, and occasionally branched forms, which the author regards 
with some doubt as‘roots. The stem-like specimens are delicately 
fluted, but not traversed by joints; and their microscopic structure 
is similar to that of coniferous wood, especially of the Arau- 
caria. The bituminous substance of these plant-remains is obliquely 
and closely cleaved, the fissures being often filled up with siliceous 
matter. In form these fossils resemble some specimens (Aporowylon) 
from the Upper Devonian rocks of Thuringia, discovered by Richter, 
and lately figured and described by Unger. 

There are also some smaller, tapering, and branched specimens, 
which appear to be branchlets of the same trees that have afforded 
the stems and roots above noticed; and some still smaller branched 
specimens, bearing occasional tubercles on the branchlets, are re- 
garded by the author as the smaller roots of these trees, and repre- 
senting the tubercular rootlets of many of the existing Conifere. 

A new species of Lycopodites (L. Milleri) was also described ; 
and some specimens of Lepidodendron were referred with hesitation 
to Unger’s L. nothum (Transact. Vienna Acad. 1856). 

The strata from which these plants were obtained form part of the 
Middle Old Red group of Sedgwick and Murchison, and of the 
Lower Old Red of Hugh Miller. Dipterus, Diplopterus, and Astero- 
lepis are the prevailing genera of fish that accompany the plants. 


LXX. Intelligence and Miscellaneous Articles. 


ON THE VELOCITY OF SOUND IN SOLIDS, LIQUIDS, AND ELASTIC 
FLUIDS, AND ON THE CORRELATION OF THE PHYSICAL PRO- 
PERTIES OF BODIES.—FIRST PART. BY A. MASSON. 

EOMETRICIANS have summed up the principal physical pro- 
perties of bodies in a single formula, which expresses the velo- 
city of sound. Although the laws which they have found have not 

always been confirmed by experiment, they may be regarded as a 
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first approximation, which must be perfected by a more profound 
study and a more perfect knowledge of the phenomena. 

I have commenced the study of the physical properties of bodies 
with the velocity of sound, which is a function of several other pro- 
perties which must correspond to it if the mathematical laws are 
correct, or which must modify those laws in whatever respect they 
are incorrect. 

I determined the velocity of sound in solids by causing very fine 
and long wires to vibrate longitudinally ; I diminished the diameters 
until the sound remained invariable. My wires were only from 
“2 ths to ;$ths of a millimetre in diameter, and 1°50 metre in length. 
I placed them horizontally above a beam of oak, and fixed their ex- 
tremities between two strong brass vices. 

The wires were very homogeneous, and the harmonics exactly 
followed the laws of Bernoulli. The elevation of the sounds was 
given by a sonometer, of which the brass cord was very fine and 
very homogeneous. 

The following formule give the velocity of sound as a function of 
the other physical elements :-— 


s Ac Aeron 
we ee I 5 sui iv ye eet pene 


a, velocity of sound; g, force of gravity; E, coefficient of elas- 
ticity ; A, mechanical equivalent of the heat, which I take as equal 
to 420 kilogrammetres; A, coefficient of linear dilatation; p, che- 
mical equivalent ; c = specific heat, and kA=pc=38 to 42. 

Except for zinc, the difference between the values of A, calculated 
and observed, are not very great, and must be attributed to causes of 
which the influence can be appreciated; in general the phenomena 
agree perfectly with the law. 


Velocity of sound in gases and saturated and non-saturated vapours, 
for certain pressures and temperatures. 


This portion of my researches was commenced some years ago 
with apparatus which I have been constantly bringing to perfection, 
and which I have rendered so simple and convenient that a chemist 
or physicist may take the velocity of a sound as easily as the density 
of a gas or vapour. ‘The impossibility of employing sufficient time 
continuously in my experiments had always suspended my labours, 
until in M. Meérit, Professor at the Collége Rollin, I found an assist- 
ant of equal zeal and talent, with whom I have been able to resume 
and bring them to a good conclusion. Of the two means which I 
employ in taking the velocity of a sound in gases and vapours, I 
shall describe the more simple. 

The apparatus consists of a glass balloon capable of containing 25 
to 30 litres. Its neck, which is very short, is cemented into a brass 
ferule which bears three tubes, two horizontal and opposite, and one 
vertical or placed in the axis of the balloon. The latter bears at its 
lower part an organ-pipe placed in the centre of the balloon, and its 
exterior extremity receives a metal bellows, set in motion by a 
copper rod fixed normally upon the moveable bottom. One of the ho- 
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rizontal tubes may be employed by means of a stopcock with three 
branches, to produce a vacuum in the apparatus and fill it with gas ; 
to the other metal tube, which is also furnished with a safety- 
stopcock, a curved glass tube dipping into the mercurial trough is 
adapted. By means of this arrangement the pressure of the gas 
may be ascertained, or it may be collected for analysis. With gases, 
the apparatus, with the exception of the bellows, is immersed in a 
trough full of water, and with vapours, the whole apparatus, inclu- 
ding the bellows, is placed in a large zine stove, where it is heated 
by the vapour of boiling water. For operating under low pressures, 
the bellows is surrounded by a box in which a counter pressure is 
established. ‘This box and the rod of the bellows are then united 
by a caoutchouc tube, the elasticity of which leaves the rod sufficient 
play. 

In a new apparatus with which I have not yet experimented, I 
have placed the bellows in the neck of the balloon, in order to avoid 
opposite pressures. 

The apparatus being filled with gas or vapours, the sound is pro- 
duced very pure, and as often as may be desired, by the action of 
the bellows; the harmonics issue readily, and it is necessary to take 
several in order to be certain of the fundamental sound. 

The formule 


v= wha k, c(h, -l)=e(k—-1), 


¢,(k;—1) _ e(A—1) 
k, k 
show by the velocities of the sound the ratios 4, and & of the spe- 
cific heats of a gas and of the air; then the same specific heats at 
a constant volume c’,, and at a constant pressure ¢. 
The formula 


and 


e',(k, —1)=e,(k—1) 
gives ec, k—1, 


the values of this proportion derived from the rapidity of the sound, 
or from the specific heats at a constant pressure, are equal to the 
number of simple atoms which enter into the composite atom, or in 
a simple relation with this number. 


Conclusions. 


1. All gases resounding in the same pipe present the same nodal 
surfaces for the harmonics of the same order. 

2, The formula by which Laplace expresses the velocity of sound 
is confirmed by experiment. 

3. The law of Dulong and Carnot upon the specific heats of gases 
is conformable to the mechanical theory of heat and to experiment. 

4. The velocity of sound in a gas is independent of the pressure 
and of the state of saturation : it depends entirely on the temperature. 

5. The velocity of sound and direct experiment give the same 
values for the specific heats of gases at constant pressure. 
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6. With simple or composite gases, the specific heat at a constant 
volume is represented by the number of simple atoms of which they 
are composed, or by a simple fraction of this number. 

7. For each simple or compound body there exists a ponderable 

molecule, the mass of which is always in simple proportion to the 
chemical equivalent, and which possesses the power of producing 
the same mechanical work when it is solicited by the same force or 
by the same quantity of heat. We shall give it the name of mecha- 
nical equivalent. The mass of this molecule will be that which must 
be taken as unity in problems of chemical dynamics. 


Velocities of sound at the 


Names of substances. temperature of 0° C. 

AIT cic : we bie ws ceeisete «a SOOO Metres. 
Sulphurov ous acid | SISO OE gate 209:00) =~ 
Sulphuretted hydrogen........ 289°27 
Deutoxide of nitrogen ..... .. 325:00 
Warhonmiciaeid, ers, crs se) serer 256°83 
Protoxide of nitrogen ........ 256°45 

SA PAEU OT Bin raat: ci! «ae plese 5.2 spanstt 415-00 
CYANO GH fe «lacie ys las s- aes ee 229°48 
Muriatic acid, . aeebeo mOO 
Protocarbonated hydrogen. ride 401782 
Oxide-ae garbors. Ba. sce, ,010,0 a0 339°76 
Bicarbonated hydrogen........ 318°73 
Fluoride of siliclum .......... 167°40 
Aqueous vapour....... “a ne 
Vapour of sulphuret of carbon.. 189-00 
Vapor. of aleonol im 201.640.4092 230°59 
Vapont. of zther $2). ats8 0's. 179°20 
Vapour of muriatic ether...... 199-00 


—Comptes Rendus, March 2, 1857, p. 464. 


THE IMPROVED INDUCTION COIL: 
To the Editors of the Philosophical Magazine and Journal, 


GENTLEMEN, 

I should not have replied to the Note from Mr. Bentley, contained 
in your last Number, but that I wish to prevent any misinterpretation 
of my remarks relative to Dr. Noad and himself. Mr. Bentley, in 
coming forward to vindicate the disinterested conduct of Dr. Noad, 
has quoted detached portions of my statements in sueh a connexion 
with each other as to endeavour to make it appear that I have com- 
plained of commercial injury sustained by Dr. Noad’s having ex- 
hibited his machine, and asks, ‘‘ Would it have been just to suppress 
my humble attempts at improvement for the sake of Mr. Hearder’s 
pecuniary advantage?” Now I beg to say that this is quite a 
mistake, I have not complained of Dr. Noad’s having introduced 
Mr. Bentley’s machine to the public, because it was part of his 
business, as a public lecturer, to herald scientific improvements. I 
haye only complained that Dr. Noad should have suppressed my 
inventions on that occasion, knowing that they had been made 
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upwards of twelve months before, and had been confided to him for 
publication more than six months previously, particularly when, on 
hearing that he was going to lecture, I reminded him of the position 
in which he had placed me, and requested that he would do me the 
justice to allude to my improvements at the same time. Why this 
request was denied to one to whom Dr. Noad had professed so much 
friendship, I cannot understand. 

With regard to our respective claims to priority, I can only say 
that my machine was finished six months before the time when Mr. 
Bentley states that he commenced his; and I had also worked out 
most of the results contained in my communications to the Philo- 
sophical Magazine long before that period. It is a remarkable cir- 
cumstance that there is no part in Mr. Bentley’s arrangement which 
did not previously exist in mine. 

I have the honour to remain, Gentlemen, 
Your obedient Servant, 
Jonatuan N. Hearper. 

28 Buckwell Street, Plymouth, 

June 13, 1857. 


ACTION OF NITRIC ACID UPON GLYCERINE. 


Dr. Debus has succeeded in obtaining from glycerine and nitric 
acid, besides two or three other compounds, an acid belonging to 
the propyle series, and homologous to glyoxylic acid. The detail of 
this investigation will be published in a future Number of this 
Journal. 


ANALYSES OF THE SULPHATO-CARBONATE OF BARYTES OF 
THOMSON. BY DR. HEDDLE. 


I believe it to be pretty generally understood among mineralogists, 
that the sulphato-carbonate of barytes of Thomson is merely the 
carbonate encrusted more or less with minute crystals of the sul- 
phate: two analyses which I have lately made confirm this view. 

a. From Dufton; 6. from Hexham (portions of crystals upwards 
of 4 inches in diameter). 


a. b. 
Carbonate of barytes... 99-24 98°96 
Sulphate of barytes ... +54 (minute crystals)  -94 
Carbonate of lime ...... "22 trace 
100:00 99-90 
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